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Preface

The medical examinations of the Marshall
Islanders accidentally exposed to radioactive fall-
out in 1954 have now covered a span of 20 years.
A 5-year period has elapsed since findings have
been presented in fhll, and this report includes de-
tails of this period as well as a summary of the data
for the entire 20 years. Some background informa-
tion is presented first.

The hlarshall Islands were chosen as an atomic
bomb proving ground at the time of Operation
Crossroads at Bikini in 1946 and were subse-
quently used for numerous tests at both Bikini and
Eniwetok until the moratorium was declared in
1958. These islands were chosen because of their
isolated location in the vast, nearly empty ocean
area of Micronesia just north of the equator, east
of the Caroline Islands, and northwest of the Gil-
bert Islands, about halfway between the Hawaiian
Islands and Australia. The Marshall Islands com-
prise 34 islands and atolls spread over some 180,000
square miles of ocean. Each atoll consists of a low-
lying chain of sandy, palm covered islands con-
nected by a reefsumoundlng and protecting a cen-
tral blue-green lagoon. Habitable land area is sur-
prisingly small - only about 70 square miles in the
entire Marshall Islands. The climate is tropical, and
the trade winds blow much of the year. The atolls
involved in the 1954 accident are located in the
northern MarshalIs: Rongelap and Ailingnae
about 100 nautical miles east of Bikini, Rongerik
about 135 miles east of Bikini, and Utirik 275
miles east of Bikini.

During the past century the Marshallese people
have been governed by four countries. Germany
purchased the Marshall Islands from Spain in
1886 and governed them until 1917, when Japan
took over under a League of Nations mandate;
Japan declared ownership in 1933 when she broke
horn the League of Nations. The United States
liberated the Marshalls in 1944, during World
War II, and was given authority under a United
Nations mandate to administer the scattered islands
of Micronesia as the Trust Territory of the Pacific
Islands; this was done first by the U.S. Navy and
later by the Department of the Interior.

The early explorers and traders found the is-
lands inhabited by friendly, gentle, primitive
people, living in thatched huts, fishing from out-
rigger canoes, and subsisting entirely from the
local environment. The increasing encroachment
of civilization via tradem, missionaries, and gov-

...
111

erning authorities has changed their way of life.
The missionaries brought religion, clothing, and
changed customs. A dollar economy based on
copra production and employment by local gov-
ernments has tended gradually to supplant the en-
vironmental subsistence.

Sanitary conditions and health care in the Mar-
shalls had been primitive, with treatment of the
sick often involving a large element of superstition
and magic, and apparently did not improve under
Japanese rule. During World Jvar 11 the Mar-
shallese were forced to live on low calorie diets
with inadequate medical care. When the U.S. was
made trustee in 1947, the Navy, under the aus-
pices of its Bureau of Medicine and Surgery, un-
dertook a comprehensive medical survey of island
populations in the Trust Territory including the
Marshall Islands, using one of its vessels, the USS
Whidbty.1 The survey showed that unsanitary con-
ditions with regard to flies, garbage disposal, and
excretory habits made for multiple intestinal para-
sitic infestations and diseases. A high percentage of
the people had positive Kahn tests, associated with
yaws, and widespread treatment with penicillin
proved extremely effective. Diseases of the eyes
and skin, acute and chronic respiratory diseases,
and vitamin deficiencies were especially common.
No malaria, filariasis, yellow fever, or cholera
was seen. Subsequent health care in the Trust Ter-
ritory was hampered by lack of trained medical
personnel and poor transportation to the outer
islands. This was the status when our special med-
ical examinations began.

Some of the events over the years in the Mar-
shall Islands that are relevant to the medical sur-
veys are listed in Appendix 1.

The first examinations in 1954 after the fallout
were conducted by an emergency medical team,
requested by the Atomic Energy Commission,
directed by Dr. E.P, Cronkite and composed
largely of Navy medical pe~onnel whose service
experience proved extremely helpful for this field-
type operation. Resurveys were conducted at 6
months under Dr. V.P. Bond and at 12 months
under Dr. Cronkite. In 1956 the surveys were
placed under the direction of the author at Brook-
haven National Laboratory. Since then the surveys
have been conducted in conjunction with the De-
partment of Health Services of the Trust Territory
and with the participation of medical specialists
from the Armed Forces and from medical centers
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Exposed Marshallese at K\\ajaleir) i]nmrdiatel}
after evacuation, >larch 1954.

Ejet Village, where Rongelap people lived for 3 years.

Part of decontamination procedures at Kwajalein, hlarch 1954. Typical Rongelap house, 1954.

Initial meclical examinations at K!, :Ij.ilcln, \larch 1’)5i Nlajum residents giving farewell gib to departing Rongelap Fiends, 1957.
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in the United States, including endocrinologists,
cardiologists, hematologists, internists, surgeons,
ophthalmologists, and parasitologists (see Appen-
dix 2). “I%e variety of specialists indicates the diver-
sity of the examinations conducted over the years.

The BNL group has been fortunate in main-
taining a close liaison with the Atomic Bomb Cas-
ualty Commission in Japan, and several physicians
formerly associated with it have participated in
our surveys. We have also had a close relationship
w-ith the people studying the Japanese fishermen
exposed to the Bravo fallout; in 1964 exchange
visits were arranged for Dr. Kumatori and the au-
thor to attend surveys both of these fishermen and
of the Marshallese.

In May 1954, upon completion of the initial ex-
aminations (conducted at Kwajalein), the 82-
Rongelap people, because of the contamination of
their home islands, were moved to Maj uro Atoll,
and they were examined there in September 1954
and in March 1955, 1956, and 1957. They re-
turned to Rongelap, to live in a newly built vil-
lage, in July 1957, after radiological surveys had
shown the island to be safe for habitation. The 157
Utirik people were taken home after the initial ex-
aminations, since their island was only slightly
contaminated and was considered safe for habita-
tion. The 28 military personnel exposed on Ron-
gerik Atoll were taken to Tripler Army Hospital for
fitrther examinations.

Following the initial acute effects of radiation
on the Rongelap people, the examinations over
the next 9 years revealed few significant findings.
An increase in miscarriages and stillbirths among
the exposed women during the first 5 years was
thought to be related to radiation exposure, but
general health and disease incidence in the exposed
people were about the same as in the unexposed
Rongelap people who had returned from other is-
lands and served as a comparison population. Dur-
ing this uneventful period, suggestions were made
for reducing the scope or frequency of the surveys,
but these were never seriously considered since it
was realized that little is known about the late ef-
fects of radiation on humans and effects might still
appear. In 1963 the unexpected apearance of
growth retardation in some children and of thyroid
abnormalities fit[ly justified this reasoning. In 1972
a case of fatal acute myelogenous leukemia devel-
oped in a 19-year-old exposed Rongelap boy,
indicating the need for additional surveillance.
The surveys therefore were expanded to include
a hemato!ogical check in the exposed Rongelap

people every 6 months. At that time also diffi-
culties were encountered in maintaining a strict
thyroid treatment program in the exposed Ron-
gelap people, with potential serious results, par-
ticularly in the people who had had thyroid sur-

gery. The decision was therefore made to place
a resident physician in the Marshall Islands to keep
check on the treatment program and assist the
Trust Territory in general health care of the
Rongelap and Utirik people.

The medical findings on the Marshallese have
been published in numerous BNL reports and
journal articles.2-23

Some problems have been encountered in carry-
ing out the medical surveys in the islands. Carefil
planning is required for all necessary equipment
and supplies to be on hand at the remote location,
and procedures must be adapted to field condi-
tions with proper electronic support. Some tech-
nical procedures such as staining of blood smears
and cell cultures present problems under tropical,
humid conditions. Providing adequate transporta-
tion has been a major difficulty. While the hTavy
fbrnished LST’S and amphibious planes, problems
were minimal, but for most of the surveys we have
had to rely on cargo ships chartered by the Trust
Territory, and these have sometimes proved unre-
liable in meeting schedules or hazardous because
of faulty life-saving devices and inadequate navi-
gational equipment. Once the survey team was
lost at sea for more than a day trying to find an is-
land, and twice ships ran aground on reefs. Small-
boat travel in rough waters was hazardous; the
trip from ship to shore was sometimes in outrigger
canoes and might result in wet passengers and
baggage. To overcome these problems, an LCU
was recently acquired for carrying out the AEC -
sponsored radiological and medical surveys in the
Marshall Islands.

Other problems included the following: The
language barrier hampered communication with
the people, even though a limited number of re-
liable English-speal&g people were usually avail-
able. The lack of adequate vital statistics resulted
in uncertainty in the exact age of many of the
people; and medical records were poorly kept,
particularly in the outer islands (e.g., the health
aide would often give the cause of death as “too
old”). It was difficult to obtain consent for an au-
topsy, even at district medical centers, because of
feelings against mutilation of the body after death.
Some of the subjects thought that drawing blood
made them feel weak; and some questioned the

v
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People returningto Rongelap (1957) after 3 years at Majuro, Trust Territory cargo vessel carrying personnel
and supplies for medical surveys, 1966.
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Rebuilt village on Rongelap to which people returned in 1957.
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Support from Navy amphibious planes during the early
annual examinations facilitated visits to the outer islands.

Trust Territory cargo vessel on reef after departure ti-omRongelap, 1972.

Moving equipment ashore. In recent years this task has
been facilitated by the acquisition of a jeep and a tractor.
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need for continued examinations when no signifi-
cant findings were reported. In spite of such prob-
lems, the people have always been friendly, and,
except on one occasion (a case of political inter-
ference, described below), have generally cooper-
ated in the examinations. Psychological reaction
to the fallout has been reflected at various times in
fears regarding fertility, a belief that fish poisoning
was due to radioactivity rather than to the poison-
ous nature of the fish, feelings of weakness attrib-
uted to radiation, and fear of thyroid cancer and
leukemia (following the death of the Rongelapboy).

A major concern for the past 5 years has been
local political interference and questions concern-
ing the medical examinations. The Trust Terri-
tory now has a Congress of Micronesia (not con-
nected with the U.S. administration), which has
appointed a Special Committee to investigate the
health status of the Rongelap and Utirik people.
Unfounded accusations were made by certain local
politicians that the United States deliberately ex-
posed the people to fallout so that they could be
used as “guinea pigs” to study the effects, and that
the medical team was concealing deaths from
radiation and was not reporting all of its findings.
In March 1972 the survey was interrupted by the

~pditicians and had to be aborted at Rongelap.

1

‘Afterwards the Congress of Micronesia appointed
medical observers to accompany the team on a sur-
vey in September 1972. Two promi nent physicians
from Japan (Din. H. Ezaki and T. Kumatori), one
horn England (Dr. E.E. Pochln), and one horn the
U.S. Public Health Service (Dr. W, Cole) accom-
panied the team and parncipated in the examina-
tions. Their report to the Congress of Micronesia
was most favorable and has done much to quiet the
political accusations. The Special Committee on
Rongelap and Utirik published a lengthy report24
of its investigations, including the report of the ob-
servers, and this also has helped bring about a more
favorable attitude to the medical examinations.

\
Two major bills have been initiated by the Con-

gress of Micronesia. One concerns payment of
travel and living expenses for any patient from
Rongelap and Utirik on our examination list who
needs hospitalization. This bill has been approved
by U.S. authorities and is being implemented.
The other concerns compensation for the Ronge-
lap people for ill effects of fallout exposure and
provides also for a payment to the Utirik people
and for special compensation to the parents of the
boy who died of leukemia. (See Appendix 1.) We
believe that the Ronge!ap people are entitled to fur-

ther compensation for injuries received, although,
on the basis of the effects of their previous compen-
sation in 1965, the ultimate benefits are doubtfil,
and another payment might push them further to-
ward the state of welfare and perpetual dole. Dr.
William Peck, the former Director of Health Ser-
vices in the Trust Territory, has put this situation
nicely: “To withhold further funds and thus
deepen the grievance, or increase the con~pensa-
tion and thereby the dolor of dependence – either
course of action seems only to compound their
original injury, and our dilemma!”

Further problems in the Marshall Islands are

associated with the return of the former residents
to live on Bikini and Eniwetok, which were con-
taminated during the testing program. Numerous
radiological surveys have indicated that with cer-
tain restrictions these atolls can be habitable
again. Since a number of concrete homes have
been completed on Bikini, about 40 people have
returned, but they must be subsidized because it
will be several years before the coconut and other
trees bear fruit. A number of people are expected
to return to Eniwetok to live in the near future.
The medical team as welI as other radiological
safety personnel at BNL have been assigned the
responsibility of personnel and environmental
monitoring to assure the radiological safety of the
returning people. Personnel monitoring and en-
vironmental surveys at Bikini were instituted a
few years ago, and only very low levels of inter-
nally absorbed radionuclides have been noted.
ERDA is sponsoring continuing surveys of these
atolls, being done by several institutions.

The medical surveys have been a rewarding ex-
perience for all the personnel who have partici-
pated. We have been fortunate in obtaining the
services of talented specialists and technicians and
in having the continued staunch support and as-
sistance of many people at Brookhaven National
Laboratory, ERDA, and the Trust Territory, and
the authorities at Kwajalein, without which the
success of the surveys would not have been possi-
ble. The medical team has developed a deep
friendship for the Marshallese over the years. In
spite of the injuries and hardships resulting from
the 1954 accident, they have cooperated with us
even through the period of political disturbances.
With the improved political climate and attitude
toward the examinations we look forward to contin-
uing these important and challenging missions and
to offering s~cialized health care to these Marshall
Islanders in future years. R.A. Conard, M.D.
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A TWENTY-YEARREVIEWOF MEDICALFINDINGSINA MARSHALI.ESE
POPULATIONACCIDENTALLYEXPOSEDTO RADIOACTIVEFALLOUT

1. Background

A. THE ACCIDENT

The testing of nuclear devices in the Marshall
Islands (see Hines2~), beginning with Operation
Crossroads at Bikini in 1946 and ending fvith the
moratorium in 1958, did not result in significant
radiation exposure to personnel or fallout contam-
ination outside the test area except in one case.
On XIarch 1, 1954, the detonation from a tower of
a thermonuclear device, Bravo, in the Castle Se-
ries of tests at Bikini resulted in a serious fallout
accident. The yield was about 17 megatons, con-
siderably greater than expected, and an unpre-
dicted shift in winds in the upper atmosphere
caused the radioactive cloud to drift over and de-
posit fallout on several inhabited atolls to the east:
Rongelap with 64 people, Ailingnae with 18
people, Rongerik with 28 American servicemen,
and Utirik \vith 157 people (see Figure 1). AJap-
anese fishing vessel in the area, the Lucky Dragon,

with 23 fishermen aboard was also exposed (see
Appendix 3). The fallout is thought to have com-
menced at Rongelap about 4 to 6 hr after the det-
onation, at Rongerik about 7 hr after it, and at
Utirik about 22 hr after it. Its duration on the is-
lands is uncertain but has been estimated as about
12 hr, the greater part of the fallout occurring early
in the period.z The estimated dose of gamma radia-
tion to the island populations is discussed in Sec-
tion II. A. The American servicemen on Rongerik
noted that the needle on a telemetering instru-
ment suddenly began rising and went off-scale in
30 rein, beginning about 6 to 7 hr after the deto-
nation. An alarm was radioed to the task force,
and a plane flying low confirmed that significant
fallout had occurred.

The exposed people were evacuated by planes
ancl N’avy ships ~vithin about two clays and taken
to K\vajalein, 175 miles to the south. They were
first examined by the medical group at the I’4aval
Dispensary there. Eight days after the accident a
medical team consisting of 21 cloctors and tech-

nicians, largely from the Navy, which had been re-
quested by the .\EC, arrived at Kwajalein. For
two months the team took medical histories, did

repeated physical examinations including studies
and photographs of beta burns of the skin, made
numerous hematological tests, and monitored for
external and internally absorbed radioisotopes.
Complete removal of the radioactive contamina-
tion from the skin and hair required many cleans-
ing procedures; the coconut oil used on the hair
was particularly retentive. At the end of the ex-
amination period, most of the skin burns had
healed and, although significant hemato]ogical de-
pression had occurred, no serious illnesses were
evident that could be related to radiation injury.
The .Marshallese people were taken to a tent en-
campment on Ebeye Island for a stay of several
weeks. Since Utirik Atoll was only very slightly
contaminated from the fallout, it was considered
safe for habitation, and the Utirik people were re-
turned there with fresh supplies, clothing, and live-
stock. Rongelap Atoll was too contaminated to al-
low immediate return and its people (along with
the 18 from Ailingnae) were taken to a temporary
village built for the[~l on Ejet Island in Majuro
Atoll, where they lived for 3 years until their re-
turn to Rongelap. The American servicemen were
taken to Tripler Army Hospital for further exam-
inations and later returned to duty.

B. ANNUAL EXAMINATIONS

Medical examinations of the Rongelap people
were conducted at their temporary home on Ma-
juro in September of 1954 and in lMarch of 1955,
1956, and 1957. In 1954 an unexposed group of
Marshallese living at Majuro was chosen as a
comparison population for these examinations.
This group, however, was composed of people
from many of the Nlarshall Islands who were not
easily located for subsequent examinations. Unex-
posed Rongelap people gradually moved to Ejet
to live with their fellow islanders, and this group
increased further on the return to Rongelap. These
unexposed Rongelap people were included in the
examinations and have served as an excellent con~-
parison population since they are blood relatives
of the exposed Rongelap people, match reasonably
well for age and sex, and live under the same en-
vironmental conditions (see Section III. .4. ).

1
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Medical survey team, March 1970.

Medical survey team, March 1971.

Medical survey team, March 1972.
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Medical survey team, September 1972.

1’ -+

Medical sun-ey team, March 1973.
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By 1957, radiological surveys indicated that, in
spite of slight lingering radioactivity, Rongelap
Atoll was safe for habitation. A completely new
village w“asconstructed, and in July the Rongelap
people, more than doubled in number by the in-
flux of relatives, were taken there on an LST with
all their personal belongings, bed mats, and live-
stock. After arrival ceremonies they happily settled
down to life in their new village. In hlarch 1958
the survey was carried out for the first time at
Rongelap; subsequent annual examinations hate
been done mostly at Rongelap with supplementary
visits to other islands.

The Utirik people, after the initial examina-
tions, were next examined on their home island in
1957. They have since been examined only about
once every 3 years because their fallout exposure
was minimal. The American servicemen have not
been seen by our medical team since the initial
examinations.

During recent years the Rongelap and Utirik
people have moved in large numbers to the dis-
trict centers at Majuro and particularly Ebeye
(Kwajalein Atoll), where many are employed by
the Kwajalein Missile Range. This had necessi-
tated examinations at Maj uro and Ebeye in addi-
tion to their home islands. (Table 1 shows the
present geographical distribution of the people.)

The many studies that have been done on the
Marshallese are directly or indirectly related to
possible radiation effects. Often a single blood samp-
le drawn for routine hematology has been used
for many tests. Multiple blood sampling has been
avoided whenever possible.

C. 1970-1974 SURVEYS

During the past 5 years a number of problems
have arisen: thyroid abnormalities continued to
develop in the exposed Rongelap people in spite of
hormone treatment; an exposed Rongelap boy

died from leukemia that may or may not have
been related to radiation exposure; transportation
deteriorated; and political interference was started
which has been particularly frustrating and has
threatened to put a stop to the medical supervision
and care provided to the exposed people by the
medical team.

In 1972, following the death from leukemia, the
decision was made that more frequent hematologi-
cal examinations of the exposed people were
needed, and therefore such examinations were in-
stituted every September in addition to the March
survey.

Also in 1972, the decision was made to place a
resident physician in the Marshall Islands. An in-
creasing number of exposed Rongelap people were
developing thyroid nodules, most of which required
surgical intervention, and many of them were not
adhering strictly to the thyroid treatment pro-
gram, which is considered extremely important,
especially after surgery. A resident physician would
be able to monitor this program and, since the
Trust Territory was short on medical personnel,
could assist in general health care of the Rongelap
and Utirik people. The plan is for such a physician
to alternate between BNL and the Marshall Is-
lands every two years. The first one has just com-
pleted a 2-year term, and another is taking his
place soon.

Transportation has always been a major prob-
lem for the medical survey teams. Air transporta-
tion to the Pacific improved greatly with the advent
of the jet plane, but travel by ship among the Mar-
shall Islands (several hundred miles between atolls
through rough seas) has remained difficult. The
travel problem has been magnified by the need for
the resident physician to visit Rongelap and Utink
quarterly, and by the added responsibility of the
medical team, since 1971, for radiation monitoring
of Bikini and more recently of Eniwetok, since the
people displaced by the bomb testing program are

Table 1

Location of Rongelap and Utirik People, 1974

Rongelap Utirik Majuru Ebeye Bikini Other Total

Rongelap exposed 31 5 24 6 66
Rongclap unexposed 37 14 63 7 8 131
Utirik exposed 41 43 22 10 116

Total 68 41 62 Ill 7 24 313
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being returned to these islands. It became appar-
ent that a special vessel was needed, and in 1973
the AEC arranged for the Army to provide an
LCU (landing craft utility) based and maintained
at Kwajalein (with AEC funding). This vessel,
though small and slow, has the distinct advantage
that it can be beached, so that ship-to-shore trans-
fer of equipment and personnel by small boat is
unnecessary. Three 30-ft air-conditioned trailers
have been placed on the tank deck, one equipped
asa “sleeper,” one containing a whole-body
counter (shadow-shield lead assembly and elec-
tronic equipment), and one set up for clinical ex-
aminations with a doctor’s office, a small labora-
tory, and an x-ray facility. The LCU with these
trailers is now in full use and affords tremendous
improvements in the operations.

Examination facilities at Utirik consist of several
Butler-type buildings left by a weather station
group. On Rongelap several examination trailers
have been installed so that the schoolhouse need
no longer be used. Examinations trailers have also
been installed on Ebeye and Majuro.

Major events in the Marshall Islands related to
the surveys, including the political problems of the
past few years, are summarized in Appendix 1.

Before and after each survey, village meetings
have always been held on Rongelap and Utirik to
inform the people of the objectives of the examina-
tions, the findings, and recommended treatments.
Because of the language barrier, the people did
not always understand the need for the examina-
tions, or their results. Every effort is now being
made to correct this. Preparation of a question-
and-answer booklet on the effects of the fallout
and treatment on the Rongelap and Utirik people
was recommended by the Congress of Micronesia;
such a booklet has been printed at BNL for the
Trust Territory Health Services and is being dis-
tributed; it should do much to correct many of the
former misconceptions (see Appendix 4).

During the 20 years covered by these reports
drastic changes have occurred in the Marshall
Islands District.

The population more than doubled from 1948
to 1973, the total going from -10,000 to -25,000.
The increases were most dramatic on Majuro (go-
ing from 1,200 to 10,300) and on Ebeye (going
from 750 to 5,000). On the outer islands the total
population changed less (Rongelap, 100 to 167;
Utirik, 126 to 217), but the age distribution be-
came abnormal. Young adults have gravitated to-
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ward the district centers, and the “home islands”
are left with children and old people. A recent sur-
vey on Rongelap showed that of its 167 people,
115 were <15 years old and 30 were >50. The
flux is great: during any given field trip up to 30
people may be arriving or leaving.

The district has opened up to foreign travel.
Majuro has a jet airport, paved roads, elect richy,

and telephones. Expectations are rising, and when
public services fail to keep pace with increasing
demand, dissatisfaction is more vocal.

The atmospheric bomb tests ended in 1958.
Kwajalein was abandoned as a Navy Base in 196(I
and was made part of the Army’s missile test
range. For the visiting medical teams, loss of Navy
assistance in transportation has increased the
logistic problems, but the continuing support of
the Army Base has been invaluable.

The people of Rongelap and Utirik have always
been most friendly and cordial to the medical
team. Except for political interference with the
1972 examinations, the people have always been
cooperative.

Il.

A.

1. source

Initial Findings

DOSE ASSESSMENT

The radiation exposure of the Marshallese was
due entirely to fallout, since the detonation site
was too far away for thermal, blast, or direct irra-
diation effects. (In constrast, direct effects were re-
sponsible for all the injuries from the atomic bombs
in Hiroshima and Nagasak~, with little or no fall-
out. ) The fireball from the 1954 Bravo device,
detonated from a tower, touched the surface of the
earth at Bikini, and large amounts of material
were drawn up and mixed with fission products in
the bomb cloud. Because of an unpredicted shift
in the winds in the upper atmosphere, fallout was
deposited in a cigar-shaped area 20 to 40 miles
wide extending -200 miles to the east of Bikini
(see Figure 1). The radioactivity was due to fission
products and some neutron-induced isotopes; the
fallout contained little fissile material. The radia-
tion was therefore almost entirely from gamma
and beta rays of varying energy from numerous
fission radioisotopes. The time after detonation
when fallout began was estimated as 4 to 6 hr at
Rongelap, -7 hr at Rongerik, and 22 hr at Utirik
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LCU now used for travel between the islands, 1974.

—. . .

Examination trailer on Rongelap, 1965.

Senator O.T. Borja (second from left) of the Congress of
Micronesia, Chairman of the Committee Studying the
Medical Status of the Rongelap and Utirik People, visit-
ing BNL in 1973; shown with Drs. E.P. Cronkite (left),
V.P. Bond, and R.A. Conarii.

Thyroid examination on Rongelap, 1969.

Rongelap patients with interpreter in New York, visiting
UN Building before undergoing thyroid surgery, 1968.

Hematological examinations, Rongclap, 1965.
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Table 2

Estimation of Gamma Dosez

h’o. Approx. time of Instrument readings Best estimate
croup in commencement Time of used in dose of total gamma

designation group of fallout evacuation calculations dose in air (R)

1. Rongelap 64 H+4t06hr H +50 hr (16 people) 375 rr~R/br, H +7 days 175
H+51 hr (48 people)

II. .Ailingnae 18 H+4t06hr H+38hr 100 mR/hr, H +9 days 69
III. Rrmgerik 28 H +6.8 hr H + 28.5 hr (8 men) 2’80 mR/hr, H +9 days 78

H+ 34 hr (20 men)
117. Utirik 157 H+22hr Sttirted at H +55 hr 40 mR/hr, H +8 days 14

Completed at H +78 hr

ancl the fallout duration as -12 hr, with most of

the dose delivered early in that period. The times

when people were evacuated from the islands are

sho~vn in Table 2.

2. Gamma (Whole-Body) Dose

The fallout (where seen) resembled snow or mist
and was deposited relatively homogeneously so
that the individuals on each island were con-
sidered to have received about the same estimated
dose of gamma radiation. The children may have
had a somewhat higher dose than that calculated
for the adults because, being smaller, they were
closer to the ground and received larger midline
doses. This possibility is supported by the higher
incidence of early nausea and vomiting and the
greater depression of blood elements in the young
children. The flimsy houses afforded little attenu-
ation of the radiation. The whole-body doses were
calculated from measurements with radiation field
survey instruments held 3 ft above the ground,
made within a week after the detonation, by ex-
trapolation to the time of exposure with the energy
spectrum and decay taken into consideration.
Table 2 shows the calculated gamma doses for the
different populations exposed. The degree of hema-
tological depression that developed later is con-
sistent with the doses calculated. In view of the 4fi
geometry of exposure, the midline doses to indi-
viduals were higher than those obtained with the
usual bilateral exposure ofx-radiation.z

3. Skin Dose

The dose to the skin surface was much greater
than the whole-body gamma dose because of the
large amount of beta radiation absorbed by the
skin. The actual skin doses, although impossible to
calculate, probably amounted to thousands of rads,

and their range of values, due to different amounts
of fallout sticking to different areas, accounted for
the spotty nature and varying intensity of lesions.
The extensiveness of the beta burns in each island
group correlated roughly with the amount of fall-
out visible on their island (see Table 6). Most of
the skin dose w-as due to fallout deposited directly
on the skin, but some was due to beta radiation
from fallout on the ground (estimated at Rongelap
to be 2000 rads at the level of the dorsum of the
feet, 600 rads at hip level, and 300 rads at the
head, on the basis of continuous exposure and no

shielding). z It was fortunate that the beta radia-
tion had an average energy insufficient to pene-
trate deeply into the skin and therefore resulted
for the most part in superficial beta burns. The
average beta particle probably did not penetrate
much beyond the basal layer of the skin (-100 p).
However, since epilation occurred in many people,
the region of the hair follicles must have received
a dose equivalent at least to the minimal epilating
dose of 400 rads of 200-kVp x rays.

4. Interncsl Dose Calculations

Internal absorption of radioisotopes was due to
inhalation as the radioactive cloud passed over
and to ingestion of food and water contaminated
with fallout, water probably being a major source.
Drinking water is obtained by collecting rainfall
from the roofs into catchments, and a slight rain
was reported on Rongelap the night of the fallout.
Since the cisterns were nead y empty, the dilution
effect was minimal. Water was being rationed at
that time, and it was drunk in spite of warnings

from the health aide. On Rongerik food and water
were better protected from fallout deposition.

Internal le~’els of radioisotopes absorbed from
the fallout were assessed by numerous radiochemi-’



Marshallese dental practitioner examining teeth
as part of medical survey, Rongelap, 1960.

Partygiven by medical team at conclusion
of annual suswcy, Rongelap, 197o.
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Net fishing at Rongelap, 1959.

Elderly Marshallese male, 1965.
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Rongelap people entertaining medical team at feast Copra being carried ashore. Copra production is
after examinations, Rongelap, 1971. the chief source of income in the Marshall Islands.
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Table 3

Estimated Body Burden (pCi) of Rongelap People2

Activity Activity
at day 1 at day 8?

‘gSr 1.6 - 2,2 0.19
I+OBa 0.34- 2.7 0.021
Rare earth group o - 1.2 0.03
1~11(in thyroid gland) 6.4 -11.2 00
103RU o - 0.013
45ca o - 0.019 0.0
Fissile material O - 0.016 (pg) 0.0

..——

cal analyses of urine samples, beginning 15 days
post exposure, for 8gSr, 140J3a, 1311, the yare ~a~h

group, and fissile material. As expected, the
Rongelap people had the highest body burdens.
By 6 months, beta activity in the urine samples
was barely detectable. Table 3 shows the main
isotopes found at day 1 (extrapolated values) and
at day 82. The agreement between the findings at
the two laboratories is close considering the tech-
niques available at that time. Levels in the Ailing-
nae group were about one-half and in the Amer-
icans about one-quarter the levels in the Rongelap
group. Only isotopa of iodine, strontium, barium,
and a few rare earth elements were absorbed to
any significant degree. In the Rongelap group, at
day 1, W3r and 1311were near the maximum per-
missible levels, and the estimated total amount of
radioactive material in the gastrointestinal tract
was about 3 mCl; whether thk had any relation to
the early gastrointestinal symptoms is not known.2
Radiological monitoring of personnel and environ-
ment at Rongelap and other atolls in subsequent
years is di3cussed in Section VI.

5. Thyroid Dosimetry

The fallout produced several possible sources of
radiation exposure to the thyroid gland. The gamm-
a radiation resulted in thyroid dos es of 175 rads
in the Rongelap people, 69 rads in the Ailingnae
people, and 14 rads in the Utirik group. Iodine
isotopes are produced in relatively high yields by
the fission process. Some are too short-lived to be
of consequence, but 1311, 1321, 1331, and 1351are
sufficiently long-lived to cause a considerable dose
to the thyroid following internal absorption and
concentration in that gland, and these were ab-
sorbed both via inhalation and via ingestion in

food and water (see Appendix 9C). Other internally
absorbed isotopes (see Table 3) were not thought
to be significantly absorbed by the thyroid and
probably contributed little to the dose to that
gland. Conversely, the radioiodines contributed
only slightly to the who!e-bocly radiation dose.

During the early period after the fallout, radio-
iodine was recognized as possibly its most hazard-
ous constituent, but the estimated dose to the
gland of 100 to 150 rads was not considered suffi-
cient to cause later development of thyroid ab-
rtorrtuilities. No acute effects were noted in any of
the people that could be related to the internal
absorption of radioiodines or other radioisotopes.
Contamination of the skin resulting in extensive
beta burns in the neck region in 70% of the people
(see Figure 2) probably did not contribute to the
thyroid dose because of the low energy of the beta
radiation. Possibly slight absorption of radio-
iodines through the skin occurred.

When the people returned to Rongelap to live
in 1957, no radioactive isotopes of iodine remained
(except possibly very slight amounts of 1291), and
the principal remaining isotopes (1S7CS, gOSr),
which were absorbed to low levels in the people,
probably did not contribute to any significant
degree to the thyroid dose.e

When thyroid lesions began developing in the
Rongelap children in 1963, the dose to the thyroid
of the Rongelap people was reevaluated by
James.as His estimates of the gamma dose agreed
approximately with the previous estimate of 175

-.. ,

Figure 2. Beta burns (hfarch 29, 1954).

.—
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rads. Calculation of the dosage from radioiodines
unfortunately had to be based on a single, pooled
urine sample from Rongelap people collected 15

days post exposure. Harris~T at Los Ala mos had
reported a low level of 1311in this sample and had
calculated a one-day thyroid content of 11.2 pCi
based on the assumption of 0.1 % urinary excretion
of the maximum thyroid burden on the 15th day.

Figure 3. Weights of human thyroids in New York City.
(From MOCHXZUKIET AL.2rJ)

James calculated doses for absorption from both
inhalation and ingestion. He noted that the shorter-
lived isotopes of iodine delivered 2 to 3 times the
estimated dose delivered by 1311alone. The im-
portance of these shorter-lived isotopes in pro-
ducing thyroid effects in the l~arsha!lese will be
referred to in Section IV. The dose to the thyroid
of a Rongelap adult (including gamma) was cal-
culated as about 335 rads (220 ~o-450 rads) and to
that of a 3-year-old Rongelap child as 700 tom. . .... . ..— .-
rack. (The spread is due to uncertainties in esti-
mating dose from absorption of radioiodines by

inhalation versus ingestion.) \Vith the assumption
that the ratio of whole-body gamma doses to thy-
roid doses was the same as for the Rongelap
people, James’ calculations were used to estimate
thyroid doses in the Ailingnae and Utirik groups;
the results were 135 rads for the Ailin
and 27 rads for the Utirik ad&. T~-
thyr~[d doses were based on tJ.Lweighti.&
gland a~-{a&&”;~~~~r< 3).28 By using a----
Iinear relationship between the thyroid size and
the dose calculated by James, the doses to indi-
vidual children were taken from regression lines
drawn for the three exposed populations (Figure 4);
these are given in Section IV. In retrospect, the
estimated average dose of 1050 rads to the thyroids
of young children appears to be low, at least for
two boys who developed atrophy and myxedema.
The calculated dases are obviously rough esti-
mates. The incomparability of the observed effects
with the calculated doses based on 1311 must be

related part] y to the greater dose effect of short-
Iived iodine isotopes (see Appendix 9C).

B. ACUTE EFFECTS
Iwo[ 1 , r 1 I 1 1 [ I I , 1 I , I 1 1 r , 1

1O(XS

h

Rongelap

Age

Figure 4. Thyroid dose versus age for children
in exposed Marsh allese groups.

1. Effecta of Wltole+Body Exposure

a. Early Symptoms. During the first two days,
before evacuation, symptoms related to the skin
and the gastrointestinal tract were noted in a
large number of Rongelap people, in a lesser num-
ber among the groups exposed on Ailingnae and
Rongerik, and in none of the Utirik group. The
severity of the symptoms was correlated with the
amount of fallout and the radiation dose. Skin
symptoms (itching and burning of areas not cov-
ered by clothing) were noted in about one-fourth
of the Rongelap people, and a few complained of
irritation of the eyes and Iachrymation. These
symptoms were thought to be related to beta irra-
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diation, but the caustic nature of the fallout may

have contributed.

The G.1. symptoms in the Rongelap people

consisted of anorexia and nausea (in about two-

tl~irds of them) and to a lesser extent of t~omiting

and diarrhea (in one-tenth of them). Only a few

in the .Ailingnae group complained of these symp-

toms. and no one in the Rongerik and Utirik

groups. The gamma exposure is thought to have

been sufficient to account for the G.I. symptoms,
but the ingested radioactive material (estimated
at about 3 mCi) may have contributed. The G.I.
symptoms were more prevalent in the Rongelap
children (see Table 4). These symptoms lasted
only about two days and had largely disappeared
b~ the time the people arrived at Kwajalei n.

b. Depression of Blood Elements. The early
hematological findings and the findings in sub-
sequent years are presented in tabular form in
Appendix 6 and graphically in Section III. C. The
early findings are summarized here and the later
ones in Section III. C.

One of the earliest findings in the Marshallese
indicative of significant exposure was lowering of
leukocyte and platelet levels in the peripheral
blood. This was most marked in the 64 people on
Rongelap who had received 175 rads and less so
in other groups receiving less exposure. The hemo-
poietic depression was roughly proportional to the
gamma dose of radiation received. Even in the
157 Utink people who received only an estimated

Table -t

X’ausea and Vomiting in Rongelap Group?z

Incidence, 90

Age at exposure, yr No. Nausea Vomiting

<5 13 85 38
>6 51 44 4

Table 5

hfean Blood Counts at Peak Depression
in Rongelap Groupzz

Percent of control

,4ge <5 Age >5

Xeutrophils 56 64
L~-mphoeytes 25 55
Platelet.. 23 34

--

14 rads, it \vaspossible to distinguish slight platelet
depression in the group as a whole. The smaller
groups on Ailingnae and Rongcrik showed periph-
eral blood levels betlveen those of the high and
Io\r exposure groups. The hematologica] depres-
sion \\’asthought to be due entirely to gamma
radiation, since it was not considered iikely that
the dose from internally absorbed radionuclides
contributed to it significantly. The hematological
depression \ras greater in the children, particu-
larly those exposed at< 5 years of age (see Table 5).
The changes are enumerated below in more detail.

L)u~@openia to about half the level of the com-
parison XIarshallese population was evident when
the Rongelap people were first examined 3 days
after exposure. In children <5 years of age the
lymphocytes dropped to 2570 of the level of the
comparison children but sho~ved a slight rise dur-
ing the following weeks. The lymphocyte levels
showed a slight increase by one year.

.Yedrophif le~’elsshowed considerable fluctuation
during the first month, possibiy related to the
prevalence of beta burns of the skin during that
period. Neutrophil depression became evident by
5 to 6 weeks post exposure, the level dropping to
about half the control level in adults and slightly
lower in children aged <5 (Table 5). Neutrophils
recovered more rapidly than lymphocytes and
reached near control levels by one year.

Earl y platelet counts showed less fluctuation
than other blood counts and decreased to about
30% of control levels by the fourth week. A spurt
of recovery to about 7570of control levels occurred
during the next few weeks, followed by slower
recovery with mean levels never exceeding 90 to
957. of control levels during the first year. The
plate!et count is probably the most sensitive index
of the severity of radiation exposure in the sub-
lethal range.

Erythropoietic depression has not been a consistent
finding, and radiation effects on these cells have
not been demonstrable by peripheral blood counts.

Mmpho[ogicd changes. During the period when
neutropenia was most severe, some people were
found to have peculiar monocytic leukocytes that
were thought to be large lymphocytes. These cells
were not found subsequently, although an oc-
casional binucleated lymphocyte was seen.

c. Clinical Findings. The development ofsig-
nificant depression of peripheral blood leukocytes
and platelets during the first 6 weeks was cause for
considerable apprehension among the medical
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examiners. However, even at the nadir of depres-
sion (platelets, 28 to 30 days; granulocytes, 42 to
46 days) no associated bleeding tendency or in-
crease in infections was seen. Eleven individuals
had platelet counts between 35,000 and 65,000
but ~~ithout evidence of bleeding. Between days
23 and 42 post exposure, 10’ZOof the Rongelap
group developed granulocytopenia of <1000 cells
and 427c had leukocyte counts <4000 or absolute
granulcqte counts <2500. During this period an
epidemic of upper respiratory infections occurred
involving more than half the exposed population.
The illness in the higher exposure Rongelap group
was no more severe than in the less exposed
groups, and individuals in all groups were able to
show an upward trend in leukocytes during the
illness. Prophylactic treatment with antibiotics
was not instituted because it was considered wiser
to withhold them until a real need might arise.
Antibiotics were given in certain cases where such
therapy is ordinarily indicated.

2. Effech of Skin Exposure

Beta burns of the skin are described in detail in
the original report of the medical findings.z The
fallout was ubiquitous on Rongelap, Ailingnae,
and Rongerik. The gritty white flakes clung to the
moist skin, got into the hair, were inhaled, and
were ingested with contaminated food and water.
Areas of the skin covered by clothing were largely
protected, and some who bathed in the lagoon
and children who waded at the water’s edge un-
knowingly were protecting themselves since they
were later found to have fewer skin burns. How-
ever, the majority of the people on Rongelap and
Ailingnae had widespread contamination of ex-
posed surfaces of the body; the skin dose was prob-
ably in the thousands of rads and was due mostly
to the beta component.

Most of the people complained of itching and
burning of the skin for the first 24 to 48 hr, and

some complained also of burning and lachryma-
tion of the eyes. This may have been due partly to
the caustic nature of the fallout. These symptoms
were less evident in the American servicemen on
Rongerik and \vere absent in the Utirik people.
Table 6 shows the amount of fallout and the re-
sulting skin burns for different groups.

Personnel decontamination commenced on
board the Navy ships used for evacuation, where
the people were given saltwater showers and cloth-
ing donated by the crew. On arrival at Kwajalein
the skin was still contaminated, and decontami-
nation procedures were continued for several days.
Clothing was laundered repeatedly, and was dis-
carded if its radiation level was not sufficiently re-
duced.

The first skin burns appeared about 12 to 14
days post exposure in the Rongelap people; burns
appeared somewhat later in the Ailingnae and
Rongerik groups and were less severe and exten-
sive. About 90?Z0of the Rongelap and Ailingnae
groups and 40’% of the Rongerik groups developed
lesions, but none of the Utirik people. The lesions
were multiple and spotty (Figure 5) and were
characterized by superficial hyperpigmented
macules, patches, or raised plaques, which des-
quamated within a few days leaving thin, pink
epitheliums (Figure 6). No erythema was observed
before or during development of the lesions; it
may have been lacking because of insufficient dose
to dermis, or it may have been obscured by the
darkness of the skin. Deeper burns with ulcera-
tion were noted in about 15% of the Rongelap
people. Epilation (Figure 7) usually accompanied
scalp lesions and was prevalent in >9070 of the
exposed Rongelap children (Table 7); it occurred
to less degrees in adults and Ailingnae groups.
Lesions were most common on the anterior neck,
axillae, antecubital fossae, and feet, but even the
anal region in some young children was involved.
Lesions of the dorsum of the feet (Figure 8) were

Table 6

Skin Lesionsz

Group Composition Fallout observed Skin lesions and epilation

Rongelap 64 Marshallesc Heavy (snowlike) Extensive
AiIingnae 18 Marshallesc Moderate (mistlike) Less extensive
Rongenk 23 White Americans Moderate (mistlikc) Slight

5 Negro Americans
Utirik 157 Marshallesc None None
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Figure 9. Early beta burns of skin ( x 100), showing ex-
tensive transepidermal damage, with milder damage to
dermis showing cellular infiltration.z

Figure 5. Extensive skin lesions in 13-year-old boy.~

Table 7

F@re 6. Neck lesions at 28 days,
showing wet desquamation.z

Figure 7. Epilation at 28 days in 7-year-old girl.~

Epilation in Rongelap Groupzz

Incidence, 70

Age O to5 Age6to 15 Age >16
Severity of epilation (13) (13) (38)

Slight (I+ ) 7.6 38.4 13.8
Moderate (2+ ) 38.6 30.7 5.5
Severe (3+ ) 53.8 23.0 8.3

Total 100.0 92.1 27.6

usually more severe, often with bullae formation;
they made walking painful and in some cases in-
volved secondary infections. Most of the lesions
healed rapidly, with repigrnentation.

Microscopic studies and numerous skin biopsies
during the-acute stages of the lesions revealed
marked epidermal injury with considerable at-
rophy and flattening of rete pegs, cells with pleo-
morphic nuclei, pyknosis and cytoplasmic halos,
and giant cells (see Figure 9). Cells laden with pig-
ment were frequently present throughout the epi-
dermis, probably accounting for the gross pigmen-
tation of the lesions. Severe damage to the dermis
and blood vessels was not observed.

An unusual observation was the development of
transient bluish-brown pigmentation of the semi-
lunar areas of the fingernails and toenails, first
noted about 3 weeks post exposure in most of the
Rongelap and Ailingnae people and seen, among
the American group, only in Negroes. The cause

of this pigmentation remains obscure.
Since no specific treatment is known for beta

burns, the lesions were treated by cleansing and
use of ointments and lotions for symptomatic re-

Figure 8. Foot lesions at 29 days, showing deep involve-
ment between first and second toes.z
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lief of itching and pain. Antibiotics were used in
a few. cases of secondary infections. The lesions
healed within a few weeks with only minimal
sequelae (described below).

These observations make it apparent that beta
burns of the skin having acute symptoms associ-

ated \vith the lesions may be a serious consequence

of fallout exposure. The Marsh allese could have

avoided many of the lesions if they hacl known to

take the proper precautions such as protecting the

skin from fallout and early cleansing. Hacl the

whole-body radiation close been greater, the re-
duction in immuno-hemato!ogical ciefenses might
have resulted in more serious skin infections con-
siderably complicating the skin symptoms.

3. Effects of Internally Absorbed Radionuclides

As pointed out in Section II. A., radiochemical
urine analyses beginning 15 days after the accident
indicated that the Rongelap people and to a lesser
extent the other exposed groups had absorbed
considerable amounts of radionuclides by inhala-
tion and by ingestion of contaminated food and
waterz (see Table 3). Although serious late effects
have developed due to radioiodine exposure to the
thyroid, and near maximum permis~ible doses of
several other radioisotopes were absorbed, no
acute symptoms associated with absorbed isotopes
appeared, the only exception being a possible role
of the estimated 3 mCi of radioisotopes in the G.I.
tract during the first two days in causing the early
G.I. symptoms.

These observations indicate that lack of early
symptoms associated with ingestion of radioactive
material in an acute fallout situation does not pre-
clude development of late effects from such ingestion.

Ill. Findings on Follow-Up
Examinations (Late Effects)

During the first 10 years, after the early effects
and before the development of thyroid abnormal-
ities, few medical findings could be definitely as-
sociated with radiation exposure. The WleKd_
health of the exposed Marsh al!ese appeared to be
=ou;-the same as that of the unexposed Mamhall---- -
ese comparison population, with the same types— -..-
and incidence of diseases, The deaths that occurred
were not related to radia(iors exposure. In the
Rongelapese a few findings ~vere considered to be

connected with radiation exposure, such as resid-
ual skin effects; an increase in miscarriages and
stillbirths during the first 5 years; suggestive evi-
dence of a lag in complete recovery of peripheral
blood elements; evidence of slight chromosome
aberrations of the peripheral blood, and some de-
gree of growth retardation in a few children. Other
studies on possible late effects during this period
were negative (cataracts, aging, mortality, longev-
ity, malignancy). ●

During the second decade following exposure,
effects developed in the Rongelap people which
had not been heralded during the first decade.
The most important were the widespread devel-
opment of thyroid abnormalities, associated with
growth retardation in some children. A fatal case
of leukemia and a possible increased incidence of
malignancies may or may not have been radiation
related; the numbers are too small to permit any
definite conclusions.

These findings are reviewed below.

A. GENERAL MEDICAL FINDINGS

The health situation in the Marshall Islands is
in many respects improving. Most vector-borne
diseases of the tropics do not occur, leprosy is rare,
and tuberculosis is not a serious problem. Cardio-
vascular diseases are rare (except for diabetic gan-
grene of the feet).

The public and personal hygiene leave much to
be desired. Skin infections (impetigo and fungus)
and intestinal infestations (amoebae and worms)
are endemic. In 1958, one year after their reset-
tlement on Rongelap Atoll, stools were examined
from 69 exposed and 112 unexposed people.?”
Infestation was widespread with many individuals
showing multiple types of parasites, the main
pathogens being Entamotba fristo~tica (found in
18.2’%), hookworm (5.5?%), Trichwis b-ic/sium (34.3%),

and Ciardia lambiia (7.770). Flagellates also in-

cluded Tn”chomrinas hominis. No significant differ-
ences were noted between the incidence in the ex-
posed and unexposed populations. Recently Asraris

has been introduced into the Marshalls from other
districts and infestation \vith it has become prev-
alent. Education and constant surveillance will
be needed to overcome the parasite problem.
Eosi nophilia is common but is not always associ-
ated with helminthic infestations.
——

“Th=e studies were done by Dr. M. Goldman and Mr. R.K.
Carver, Communicable Disease Center, Chambke, (&.
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With the growing dependence on imported
foods and on money as the medium of exchange,
cases of malnutrition are encountered. Night
blindness due to vitamin A deficiency has been ob-
served on several occasions, mainly in children.

The most serious epidemic during the 20 years
covered by this report was the poliomyelitis epi-
demic in 1963. The “polio ward” at the Armer
Ishoda Memorial Hospital in Majuro (which now
operates as a physical rehabilitation center and
orthopedic surgical ward) was created to care for
the \’ictims of this disaster. Rongelap Atoll was
stricken in January/February of 1963 with 23 chil-
dren and 3 adults taken ill. One of the adults died
and two of the children had severe residual paresis.

Venereal disease appears to be on the increase.
Dental caries has been a notable finding during

physical examinations of the Marshallese; it is at-
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tributed to poor oral hygiene, inadequate dental
care, and possibly nutritional deficiency. Some of
the younger generation are now showing the bene-
fits of improved dental care. Dentists have partici-
pated in several surveys, and their general conclu-
sion is that poor oral hygiene is showing its usual
results: a high caries rate in teen-age children,
severe periodontal lesions in adults (heavy calculus,
loss of alveolar bone), and edentulous mouths in
the aging. No significant difference between ex-
posed and unexposed Marshallese has been seen ex-
cept for a slightly greater incidence and seventy of
periodontal disease in the exposed group. It is not
known whether this finding is related to radiation
exposure.

Fish poisoning is common in the Marshall
Islands. Symptoms are usually minor but occa-
sionally severe or even fatal. Inflammation of mu-

Table 8

Physical Findings* in Rongelap and Utirik Adults, 1970-1974

Rongelap exposed Rongelap unexposed Utirik exposed
(68 examined) ( 135 examined) (117 examined)

No. % No. % No. %

.icne 2 2.9 1 0.7 0
Anemia 3 4.4 1 0.7 0
Arteriosclerosis (mild) 7 10.2 2 1,5 8 6.8
kteriosclerosis (mod. -sev.) 7 10.2 11 8.1 6 5.1
Asthma o 2 1.5 2 1.7
.Atrial fibrillation 1 1,5 2 1.5 1 0.8
Bradycardia 2 2.9 0 0
Cardiac enlargement 3 4.4 5 3.7 1 0.8
Cen_ical erosion 11 16.2 5 3.7 3 2.6
Cystourethro-rectocele 8 11.8 0 0
Deafness 2 2.9 3 2.2 0
Emphysema o 0 1 0.8
Epilepsy o 1 0.7 0
Hernia 2 2.9 2 1.5 2 1.7
Hypertension 8 11.8 16 11.9 17 14.5
Leprosy, arrested 1 1.5 0 0
Migraine 1 I.5 0 0
Obesity (gzws) 7 10.2 20 14.8 14 12.0
Osteoarthritis 3 4.4 12 8.9 1 0.8
Pel\ic inflammatory disease o 1 0.7 0
Prostatic hypertrophy 3 4.4 1 0.7 0
Rheumatic heart disease 1 1.5 1 0.7 0
Rheumatoid arthritis 1 1,5 2 1.5 1 0.8
Spermatoccle I 1.5 2 1.5 0
Syphilis (?) (arrested) 2 2.9 4 2.9 0
Tumor, benign (except thyroid) 2 2.9 2 1.5 1 0.8
Tumor, malignant 1 1.5 1 0.7 0
Varicocele o 2 1.5 0

*Findings on ophthalmology and diabetes are reported separately.
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Table 9

Pregnancy Terminations (Abortions, Miscarriages, and Neonatal Deaths)
Summarized by Five-Year Intervals, 1954-1973

Terminations/total pregnancies

1954-1958 1959-1963 1964-1968 1969-1973

No. % No. % No. % No. %

Exposed femaks 10/30 33.3 5/30 16.6 10/46 21.7 10/47 21.3
+ Exposed male-s 4/19 21.1 3,/10 30.0 2/13 13.3 0/5 o
+ Unexposed males 6/11 54.5 2/~() I0.0 8/31 25.8 10/42 23.8

Unexposed females 6/43 14,0 7/47 14.9 9/53 17.0 18/87 20.7
+ Exposed males 1/4 25.0 0/6 O 1/4 25.0 l/15 6.7
+ Unexposed males 5/39 12.8 7/41 17.1 8/48 16.3 17/72 23.6

—-
Table 10

Adult Alortality, Rongelap

Exposed (Av. age at death: 6455) Unexposed (Av. age at death: 65&2.5) “

Subject Age Subject Age
Year !Vo. & sex Probable cause Year No. & sex Probable cause

1956
1957
1958
1959
1962
1962
1962
1962
1963
1963
1964
1965
1966
1966
1966
1968
1971

1972
1972
1974

25
38
31*
62
30
46
26
56
52
57
43”
28*

29*
55
13
59 ‘
50”

54
60
68

46 M
78 M
35 M
60 F
60 F
84 M
21 M
75 F
55 F

107 F
77 F
79 F
77 M
88 M
71 F
58 F
51 M

19 M
74 F
64M

Heart disease
Heart disease, diabetes
Acute varicella
Ovarian cancer

, Cancer ofcewix””
Heart disease
Accident
Accident
Poliomyelitis, bulbar
“Old age” (?)
Pneumonia, heart disease
Heart disease
Asthma, heart failure
Heart disease
Cancer of uterus**
Infiuenza-Dneumonia.
Acute asphyxiation,

cause unknown
Acute myelogenous leukemia
Heart disease
Cancer. stomach

1958
1959
1960
1960
1960
1962
1962
1963
1964
1964
1964
1966
1967
1967
1967
1968
1969
1970
1970
1970
1970
1970
1971
1972
1972
1972
1972
1973
1973
1973
1974
1974

857
854
933
927
861
953
848
886
893
862
894
964
967
936
853
860
852
884
916

1515
918
875
899
947
957
858
961
856
898

1506
948
908

65 M
55 F
56 M
65 M
68 F
48 M
41 F
54 M
61 F
91 M
68 F
90 M
24 M
76 F
62 M
78 M
65 F
76 M
46 F
50 M
72 M
53 M
76 M
64 M
64 F
78 F
79 M
74 M
75 F
65 M
66 M
84 F

Cerebral thrombosis
Infection in urina~ tract, diabetes
Pneumonia, secondary to influenza
Pneumonia, secondary to influenza
Diabetes, cancer ofcervk (?)
Status asthmatics
N’eurosyphilis (?)
Asthma (?)
Diabetes
Heart disease
Pneumonia
Probably cardiovascular (?)
Accident
Infection complicating diabeta
Diabetes
Congestive heart failure
Hypertension, diabetes

Asthma, diabetes

Heart disease, diabeta

? (+WC)

Hypertensive heart disease

Heart disease (?)
Heart disease (?)
Hemiplegia, pneumonia

Asthma, heart disease
Heart disease, diabetes
Heart disease, diabetes

*Ailingnae group.
●*hTotconfi~ed by autopsy or biopsy.



cous membranes from improperly prepared arrow-
root flour is not uncommon. Both have erroneously
been associated with radiation effects in the minds
of the Rongelap people.

Diabetes mellitus is a major problem and is dis-
cussed separately in Section III. G.

A program is under way to build new dispen-
saries on the outer islands. On Ebeye a new hospi-
tal building has provided improved conditions for
health care.

It is against this general background that our
examinations take place. We are privileged to get
generous help from the local health authorities in
our task, and conversely when we are on the scene
we cannot avoid getting involved in problems out-
side the scope of fallout complications.

hlajor physical findings during the past 5 years
are listed in Table 8.

B. VITAL STATISTICS: FERTILITY AND MORTALITY

The number of live births during the last 5-year
period was 37 among the exposed and 69 among the
unexposed. Calculated as live births per year per
1000 population these numbers give a birthrate of
112 for the exposed and 106 for the unexposed. In
addition, there were 10 miscarriages among the
exposed and 18 among the unexposed, so that, in
both groups, one pregnancy out of five ended in
miscarriage. This is approximately the same fre-
quency as observed in tke past (see Table 9).

I.egal abortions are not performed in the Mar-
shall Islands, and there is no reason to believe that
any of the pregnancy terminations on record were
provoked. Family planning has not been practiced
in the past although it is slowly gaining ground.
We therefore believe that the fertility and fetus
viability indicated by these statistics are the natu-
ral ones, and, although the exposed females showed
an apparent increase in miscarriages during the
first 5 years, there is no evidence suggesting that
the history of exposure to radiation has had any
permanent effkct on either.

The people who have died arc listed by year in
Table 10, with their age and probable cause of
death (such death certificates as are available are
not always specific). The overall mortality rate for
the 20-year period is --12 per 1000 per year for
the exposed Rongelap group and -13 for the un-

exposed; for the last 5-year period the rates are
-9 and -21 respectively. These differences are
not statistically significant; in such small groups
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Table 11

Mortality, Utirik
(Av. age at death: 61 &3)

Subject Age Subject Age
Year hro. & sex Year . No. & sex

1956 2118 24 M
1937 2184 63 M
1957 2219 57 F
1957 2222 63 F
1958 2243 50 M
1959 2122 87 M
1959 2127 73 M
1959 2170 46 M
1959 2187 61 F
1960 2116 27 F
1960 2131 35 F
1960 2180 76 M
1961 2177 llM
1961 2199 49 F
1963 2203 71 F
1964 2163 75 M
1964 2190 85 F
1964 2192 84 F
1965 2121 68 M
1965 2154 51 F

1963 2183 67 M
1965 2204 71 F
1965 2238 65 F
1965 2253 56>1
1967 2181 78 hl
1967 2202 72 F
1967 2223 79 F
1968 2101 62 M
1968 2112 70 Al
1968 2141 67 F
1968 2259 36 F
1969 2191 90 F
1969 2214 80 M
1970 2175 73 M
1970 2211 65 M
1971 2258 64 M
1971 2246 25 F
1972 2178 37 M
1972 2252 57 bf
1973 2186 67 F
1974 2201 68 F

observed over such short periods, differences this
large or larger could occur by chance ( p< O.05).
Even so, had the trend been in the opposite direc-
tion, we would have had reason to be concerned;
as an example, we ast keeping a careful watch on the
apparent increase in malignancies (see Section V).

The mortality rate among the exposed Utirik
people was -13 for the 20-year period and -14
for the last 5 years. The deaths are listed in Table
11, but causes are not given because of insufficient
data.

Recent misconceptions make it necessary to
clarify comparisons with district-wide statistics.
The vital statistics of the Trust Territory have im-
proved greatly over the 20 years covered by these
reports, but they are still not published in suffi-
cient detail to permit valid comparisons with ours.
The age distributions are too different: district-
wide the median age is 16 years, whereas in our
group it is between 30 and 40. The difference be-
tween the mortality in the general population (-7
per 1000 per year) and that in our groups (-13)
reflects this difference in age distribution and is
not related to the history of exposure. A similar ef-
fect can be seen on the birthrate ( -40 per 1000
per year district-wide and -110 in our groups).
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C. HEMATOLOGICAL FINDINGS

Since blood-forming cells are among the most
radiosensitive cel!s in the body, hernatological ex-
aminations have been emphasized in both exposed
and unexposed populations. Evidence of such
sensitivity in the exposed Rortgelap people \\.as
provided by the early acute depression of leuko-
cytes and platelets and by possible residual effects
on hernopoiesis indicated by a lag in recovery of
blood elements to the levels oft he LInexposed pop-
ulation. The development of a fatal case of leu-
kemia may also be evidence of residual effect.

1. Procedures

Until 1972 yearly measurements were made of
peripheral blood elements, including \VBC, differ-
ential white counts, RBC and hematocrit andi’or
hemoglobin, and platelet counts. Since a case of
leukemia was found in 1972, such measurements
ha~’e been made twice a year. The counts were
done under a microscope until electronic means
came into use (Coulter counter and General Sci-
ence Haema-Count hIK 3 and MK 4 instru-
ments). Reticulocyte and bone marrow examina-
tions have been done on several occasions by stan-
dard procedures. *

A number of special hematological examina-
tions over the years have included tests for leu-
kemia (i.e., special scanning of blood smears for
immature forms, basophil counts in 4000 cells,
alkaline phosphatase staining of neutrophils, * *
analysis for Australia antigens)l studies of red cell
and plasma volume, chromosome analysis, etc.
Plasma and red cell samples have been brought
back for special studies in laboratories in the
United States. These studies are further discussed
in later sections, where relevant.

2. Recovery of Hemopoiesis

In Figures 10 to 12 the mean blood counts of the
combined (Rongelap and Ailingnae) exposed
group are compared with those of the unexposed
group over the 20-year period. Data are listed in
Table 12 for the past 5 years, and in Appendix 6
for the entire 20 years. Figure 13 shows the cu-

*I%lr.N. McDaniel of SUNY at Stony Brook has done the dif-
ferc,~”ial counts for the past several years.

● ●Dr W, Moloney and Mm. L. Tu!lin at Hamard Medical
School did the :::.. iiine phrxphatase staining of neutrophils in
peripheral blood >!:,+w.

t Dr. B.S. Blumberg, [nsti{ute for Cancer Research, Phila-

delphia, did the studies for Australia antigens.
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Figure IO. Ilean neutrophil and white cell counts of
Rongelap people from the time of exposure through 20
years post exposure. Stars represent mean values ofcom-
parison population.
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Figure 11. Xlean lymphcqte counts of Rongelap people
horn time of exposure through 20 yearn post exposure.
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Table 12

Summary of Hcma[ological Findings by Population, 1970-1974
( \lcan ~ standard deviation)

Serum
Plar. \\BC Xeut, Lymph Ltono. Eosin. Ba,o.

Group
Hct., RBC Hgb, protein,

Year (X IO-3J (X 10-3) (xlo-~) \x lo-3) (X1O-3) (X IO-3) (~lo-?) 7, (x 10-’) g 3
——

Rongelap 1970
;\llingnac 1970

Rongcl.p 19;1
.iilingnae 1971
Unexposed 19;1

Rongelap 1972
Ailingnac 1972
Unexposed 19;2
Ctirlk 1972

Rongelap \lar73
.+ilingnms >lar73
Unexpxed h[ar73
Utirik \Iar 73

Rongelap Scp73
.\ilingnae Sep73
Vncxpmed Sep73

Rongclap \lar74
,Ailingnae \lar74
Unexpmerl \lar74

Rongelap Scp74
Xllingnac Scp74

6.40=1.34
6.44=1.20

7.34*1.72
6.41*1.51
7,21& l.70

6.69*1.90
7,50< 1.53
8.09*1.50
7.77*2.00

7.43a l.41
7.08? J.74
7.91=1.73
9,41 & 1.97

7.62~1.84
7.05= ’2.14
7.17*1.51

7.4551.67
7,73z2.67
7.4651.59

8.32z 1.69
6.57&2.40

3.5051.34
4.00 Z1.35

3.86%1.11
3.46X1.15
3.78*0.98

3.94x1.66
4.6?>! 53
438*1.3+
4.33> 1.72

3.83~1.15
37221.02
~,~j~ [ ~?
5.63=. i 8;

4,17 XI.60
3,9’2tl .53
+.08.LI.3+

42j.kl 44
460z191
4.06> 1.31

4,’2811 +5
3.41 ~1.fi6

0.13
0.15

0.10
010
0.16

0.19
028
~,jb

(1.36

0 “78

0.36
0.40
05+

039
030
035

041
0.47
0.43

0.42
0.39

(13b
n 24

0 ?2
017
024

013
035
@ 39
056

03+
o 6~
O53
066

048
0.36
041

0.41
0.58
048

0.60
038

0.’22
0.35

019
0.16
0.22

033
059
~,~j

034

0.52
0.78
0.60
070

0.34
(J.62
050

0.31
028

0.43

0.67
0.35

40.5=4,7
38.8255

41.0& 4.6
38.726.5
40.4&6 2

40.726.3
37.8ti5.O
42.0t5.5
40.0~3.8

40.725.8
38.4& 5.6
3’3.5&6.2
41.754.5

38.9? 6.4
39.9* 4.2
38.525.3

38.4= 6.0
38.256.1
39.157.6

45.2? 6.4
44.5* 7.2

411&55
399*46
402273

429?56
448z54
445~5-1
435?40

445~61
4?5?67
440258
462258

434?78 13,6& 2.1
467544 14.0~1.l
486=73

507563 13.3& 2.9
499&l14 13.9tl.3
312A72 13.631.8

511&72 13.751.7
478=87 14.3&l.6

7.4%0.6
7,5*0.6

7.1?0.7
7,1tl.o
7.520.5

7.6k0,3
7.5to.6
7.-l&o. i
7.8&0,5

7.4&o.4
7.530.4
7.420.9
7.7*0.6

7.850.7
8.3&0.4
7.6%0.7
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mulative percentage of neutrophils, lymphocytes,
and platelets at various times. From these data it
appears that hemopoietic recovery in the exposed
groups was incomplete during the first 15 years
after exposure. Since that time the levels h the ex-
posed group have been about the same as in the
unexposed group. On the basis of RBC, hemato-
crit, and hemoglobin determinations, erythropoi-
etic function has been about the same in the ex-
posed and in the comparison population. The lag
in recovery of leukocytes and platelets may repre-
sent residual bone marrow injury. The results of
bone marrow and chromosome studies and the de-
velopment of a case of leukemia tend to support
this contention.

3. Bone Marrow

Although bone marrow examinations at 6
months post exposure showed no gross abnormal-
ities, smears on four exposed Rongelap people 10
years later showed alteration in the myeloid-
erythroid ratio in three of them, manifested by an
increased number of red cell precursors. In addi-
tion to hyperplasia, the findings included abnor-
malities of chromatin material with double nuclei
and an increased number ofmitotic figures in the
normoblastic series (see Figures 14 and 15).11 Oc-
casionally, bilobed lymphocytes have been noted
in the peripheral blood of some exposed people.

4. Other Homatolagietal Findings

Total blood volume and red cell volume were
studied 10 years after exposure.11* No differences
were found between exposed and unexposed Ron-
gelap groups, but it was noted that blood volume
and red cell volume tended to be reduced in many
Mat-shake compared with Americans2g (see Fig-
ure 16).12 Several other hematological observa-
tions, not related to radiation exposure, were noted.
Eosinophilia >5% in more than half the people
has been a consistent finding. This could be ac-
counted for only partly on the basis of intestinal
parasitism and may be related also to numerous
fingus infations of the skin and other chronic in-
fections. Other findings possibly related to chronic
infections are above-normal sedimentation rates
and high gamma globulin levels (both tending to
increase with age). Varying degrees of anemia
have been seen occasionally, particularly in wo-

“These studies were done by Dr. L.M. Meyer, Veterans Ad-
ministration Hospital, Brooklyn, N. Y., and Dr. W.E. Siri, Uni-
versity of Cafifomia at Berkeley.
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Figure 16.

men of childbearing age. Price Jones sizing of red
cells in these cases showed a slight microcytic tend-
ency.s Iron deficiency apparently was not the cause
since serum iron usually was in the normal ranges
Reticulocyte counts have not been significantly
increased in either the exposed or unexposed pop-
ulation. Macrocytic anemia has not been seen.
Vitamin Blz levels have been unusually high in
the Marshalleses; the cause of this is unknown but
does not appear to be related to liver disease or
leukemia. The sickling trait has not been seen in
the Marshallese examined.

D. SUBSEQUENTCOURSE OF SKIN LESIONS

The residual skin lesions noted in the Rongelap
and Ailingnae people since the initial lesions are
listed in Table 13. During the first year many of
the healed areas, particularly on the back of the
neck, showed a roughening (rugosity) and bluish-
black pigmentation, which became less noticeable
with time (see Figures 17 and 18). Deeper lesions
exhibited early residual scarring and lack of pig-
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Table 13

Residual Beta Burns

Subject Subject
No. & sex >’0. & sex

2 M

3 M

llM

17F

20 M

23 M

24 F

25 M

26 N1

34 F

Roughening and pigment variation on front
of neck. Several pigmented macules ACF. *
Perianal depi<grnentation.

Mottled pigmentation both axillae. Pigmented
area behind left ear.

Pigment changes left .-fCF, dorsum first right
toe; pigmented nevi axilla.

Scarring and pigmentation left XF.

Pigmented patch back of neck.

Pigmented macules left axilla, front of neck
and chest. Depigmented spots shaft penis.

Slight pigment variation on front of neck; sev-
eral pigmented macules dorsum lef~ foot.

Scarring dorsum left foot. Biopsy at 2 }ears hy-
alinizaticm of connective tissue and thickening
of blood vessel walls ofcutis. Died 1956.

Scarring and depigmentation of dorsum right
foot. Died 1962.

Slight roughening and pigmentation back of
neck. Moles on front of neck.

39 ~

49 F

5-I LM

59 F

63 F

64 F

65 F

67 F

75 F

78 F

79 M

Slight roughening and pigmentation back of
neck; pigment variations and slight hyper-
pigmentation dorsum right foot.

h’umerous pigmented macules both sides of
neck and a few on arms and ACF.

Mottled pigmentation and depigmentation
on front of neck. Died 1972.

Mottled pigmentation and depigmentation
on back of neck. Died 1968.

Slight rugosity and pigmented ridges on back
of neck.

Mole back of neck; slight pigment variation
and a few macules front of neck. Mole back
of neck.

Pigment variation and roughening front of
neck. Not apparent now.

Depigmented scars dorsum left fbot.

Slight pigmented area dorstrm right first toe.

Numerous pedunculated moles on sides and
front of neck.

Pigmented and depigmented scar posterior
surface left ear.

*ACF = antecub:tal fossa.

mentation, but the scars have faded and repigmen-
tation has tended to occur in most cases. No evi-
dence has been seen for the development of chronic
radiation dermatitis or premalignant or malignant
changes in any case, and most people now show
little residual evidence of lesions. Hair of normal
color and texture regrew by 6 to 12 months in all
cases except for one man who still has spotty epila-
tion on the back of his head.

Follow-up skin biopsies of residual lesions, stud-
ied at 6 monthss and at 3 and 10 yeas+*ll post ex-
posure, histologically showed excellent healing,
but in most cases residual evidence of exposure
was noted, such as epidermal atrophy ancl thicken-
ing of the corium with collagen bands, although
little evidence of significant vascular changes was
seen in the corium (see Figure 19).

Though no malignant changes in the skin have
thus far been noted in the Marshallese, the de-
velopment of skin cancer due to radiation ex~sure
is still a distinct possibility, since its latent period

may be as long as 48 years and may, cm the aver-
age, be longer than for some other types of radia-
tion-induced malignancy. Many of the younger ex-
posed Marshallese still have a long life expectancy.

There are several reasons, however, why skin
cancer may not occur in the hlarshallese. The low
average energy of the beta rays resulted in much
less damage to the dermis than to the epidermis.
This would make the prognosis favorable if, as
many investigators believe, the development of
skin cancer requires sufficient damage to the
dermis to impair nutrition of the epidermal cells.
In the Marshallese the superficial nature of the
skin burns, rapid healing, and absence of chronic
radiation dermatitis are factors against the devel-
opment of skin cancer30; nevertheless, persisting
cellular changes are seen in their residual skin
lesions. If, as Teloh et al.sl believe, skin cancer re-
sults from direct irradiation of the epidermis with-
out necessarily severe dermal injury, its occurrence
would be more likely. The appearance of nevi in
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Figure 17. Persisting depigmented areas, 6 months
after exposure, in areas of most severe Iesirsns.z

Figure 18. Ear lesion healed, 6 months
after exposure, with considerable scarring.z

the neck regions that sustained severe beta burns
suggests that the development of benign lesions may
have been enhanced by the skin exposure (see Fig-
ure 20). Possible cocarcinogenic factors such as the
ultraviolet radiation in tropical sunlight and skin
irritation from coral, trauma, and infections may
render the development of malignant changes in the
skin more likely, but the dark pigmentation should
offer some protection, as it has been shown that
skin cancer is less prevalent among Negroes.

E. OPHTHALMOLOGICAL FINDINGS

Routine ophthalmological examinations (in-
cluding funduscopic) have been included in the
regular physical examinations of both the exposed

Figure 19. Section of skin from beta-burn area on back of
neck of 56-year-old woman (No. 34) at 10 years afterex-
posure ( 100x), h’ote atrophy of epidermis”\vith narrow-
inq of stratum granulosum and fingerlike projections of
rete pegs.Slight atrophy of the sweat .~land ducts is also
present.11
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Figure 20. Pigmented nevuslike lesions in previous
beta-burn area of neck (subject No. 78).11

and unexposed populations. In addition, special
examinations for possible effects of radiation on
the eyes have been done at intervals by ophthal-
mologists accompanying the medical team, first in
hfay 1954 (2 months after the accident) and then
in 1955, 1956, 1957, 1958, 1959, 1962, 1964, 1967,
1971, and 1972. The routine examinations include
testing of vision, accommodation, muscle balance,
and pupillary reactions; external examination;
and funduscopy. Vision is tested with the Snellen
chart and the E-chart when necessary. Intraocular
tension has been measured when indicated, and
color vision has been tested on several occasions.
Special examinations have included slit-lamp and
finclus photography. As part of the aging studies
quantitative changes in certain eye characteristics
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(visual acuity, arcus senilis, accommodation, ret- has been found by others to be characteristic of
inal arteriosclerosis) have been recordecl.8’13,32 people living on low coral atolls in the Pacific and

1. General Findings
is thought to be related to irritation of the eyes by
coral dust, salt water, and bright sunlight. The

Some general observations on the eyes of the other major findings listed were related to general
Marshallese have indicated differences from the aging effects (loss of visual acuity, cataract forma-
eyes of U:S. Caucasians which may be related to tion, loss of accommodation, loss of ocular muscle

ethnic background and possibly to environmental balance, etc.) and these appeared to occur to a
Esctors.The major eye findings for the past 5 years lesser degree in the Marshallese than in Ameri-

are listed in Table 14. cans, although the incidence of arcus senilis and
The high incidence of pingueculae and pterygia cataracts seemed higher. The Marshallese had less

is the most notable finding listed in the table. This myopia, aberrations of color vision, and ambly -

Table 14

Ophthalmological Findings, 1970-1974

Rongelap and
Ailingnae exposed Rongelap unexposed Utirik exposed

(70”) (133*) (loo*)

Ocular condition No. % No. % h’o. To

Anisoeoria
Arcussenilis
ArgyI1-Robertson pupil
Chalazion
Choroiditis
Congenital defects
Conjunctivitis
Comeal pigment
Corned scar
Driisen
Enophthalrnos
Enuclcation
Glaueorna, primary
Glaucoma, secondary
Lens:

Cataracts
Lenticular opacities
Polychromatic sheers

Macular degeneration
Night vision impairment
Nywagmus
Phthisii bulbi
Pingueeula
Positive Romberg
Proptosis
Pterygium
Ptosis
Retinal arteriosclerosis
Retinal hemorrhages
Retinal scars
Retinopathy, diabetic
Strabismus
Uveitis
Vitreous opacities
Xanthoma

1
22

1
3
2
2
0
0
2
0
0
1
0
0

12
9
7
2
0
1
1
7
1
1

17
2

11
2
2
0
2
1
2
1

1.4
31.5

1.4
4.3
3.0
3.0
0
0
3.0
0
0
1.4
0
0

17.0
13.0
10.0

3.0
0
1.4
1.4

10.0
1.4
1.4

24.0
3.0

15.7
3.0
3.0
0
3.0
1.4
3.0
1.4

0
34

0
1
2
0
2
0
5
2
0
0
0
1

26
14
13

1
0
2
0
6
0
1

41
0

19
0
2
0
2
0
1
0

0
25.5

0
0.75
1.50
0
1.50
0
3.75
1.50
0
0
0
0.75

19.5
10.5
10.0
0.75
0
1.5
0
4.5
0
0.75

31.0
0

14.0
0
1.5
0
1.5
0
0.75
0

0
21

0
0
1
0
0
0
1
0
1
0
0
0

20
17
17

1
0
0
0
7
0
0

29
0
1
0
3
2
3
0
1
0

0
21

0
0
1
0
0
0
1
0
1
0
0
0

20
17
17

I
o
0
0
7
0
0

29
0
1
0
3
2
3
0
1
0

●Number of people examined
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opia. .%lso notable was their lack of retinoblasto-
mas, malignant melanomas of the choroid, and
basal cell carcinoma of the eyelids. Ocular pathol-
ogy caused by herpes simplex or zoster virusesiw’as
not seen. No cases of retinal detachment occurred
except “mtw’o people as a sequels of ocular surge~.

Corneal scars, macular degeneration, vitreous
floaters, and other degenerative intraocular condi-
tions were seen in about the numbers expected in
any part of the world. No Toxocara infestation or
other intraocular parasites have been encountered,
and no ocular involvement by the parasites
Onchocerca or filaria has been seen. In the one case
of inactive leprosy on Rongelap no ocular lesions
have been noted. Some people have residual scars
of yaws, but no active lesions have been seen dur-
ing the 20-year period.

Most of the congenital malformations and fa-
milial ocular diseases found in Americans were
not seen in the Marshallese, such as ocular dystro-
phies, retinitis pigrnentosa (congenital night blind-
ness), congenital cataracts or glaucoma in the
young or familial glaucoma in older people, and
coloboma of the iris or posterior segment of the
eye. On the other hand, certain congenital traits
apparently peculiar to this race were noted. The
average size of the corneas is greater than in the
U.S., more than 6090 of the people examined hav-
ing corneas >14 mm in diameter. In -5’% of the
people the retinal vessels showed increased tortu-
osity (corkscrew-like) and dilatation. This phenom-
enon has sometimes been found associated with
the sickle cell trait, but the latter has not been
noted in the Marshallese.

Dietetic and hygienic conditions in the .Mar-
shall Islands have improved over the 20 years of
this study. In earlier years, poor night vision in
children due to vitamin A deficiency was occa-
sionally found, and molluscum contagiosum was
seen more frequently; also lesions involving the
skin of the eyelids, forehead, and face. It has been
several years since night vision impairment or
molluscum has been seen.

2. Possible Radiation Effects

Both the detonation in March 1954 and the re-
sulting fallout gave rise to several types of radia-
tion that might cause injury to the eyes.

Longwaue radiation. Direct observation with the
naked eye of the fireball of an atomic bomb deto-
nation is known to produce retinal damage with
scarring and possible blindness. ss’34 The Bravo

fireball was observed by a small number of people
on Rongelap, and, though its distance from them
precluded thermal injury to the skin from lon,g-
wave (visible and infrared) light, injury to the ret-
ina must be considered. The fireball was de-
scribed by the Rongelap people as appearing “like
the sun rising in the west.” They probably did not
see it at its greatest luminescence, when the dam-
aging ocular effects occur, because this comes a
fi-action of a microsecond after detonation, so that
at a distance of 100 miles the fireball would not
yet have risen above the horizon. Also, at that dis-
tance the size of the image on the retina would be
small. These factors probably explain why no one
complained of blindness from seeing the fireball
and no retinal scars have been found in any of the
people.

Zonizing radiation. The fallout on Rongel ap re-
sulted in a gamma dose of 175 rads to the whole
body including the eyes. Beta rays from fallout
deposited on the ground and contaminating the
eyes resulted in some superficial exposure of the
lids, conjunctival, and cornea, but their low pene-
tration makes it unlikely that the lens or retina re-
ceived any significant dose from this source. Dur-
ing the two days before evacuation, many of the
people complained of some itching and burning of
the eyes with some Iachrymation. These symptoms
may have been related to radiation from fallout in
the eyes, but physical and chemical irritation by
the caustic fallout dust may have played an im-
portant part. Internal absorption of radionuclides
probably did not contribute to the radiation dose
to the eyes.

Conjunctivitis. The burning and lachrymation
disappeared by the time the people were evacu-
ated to Kwajalein Island. However, at the time of
development of beta burns, about 2 weeks after ex-
posure, two men developed conjunctivitis and in-
flammation of the eyelids which may have been
due to beta irradiation. These lesions healed within
several days.

Corneaip~mentatwn. Beginning at about 2 months
post exposure, in some people a pigmented line
was noted in the cornea at the Iimbus in the hori-
zontal axis of the palpebral fissure, which ap-
peared to be below the surface of the epitheliums.
It varied from 0.5 to 2 mm in length. This may
have been due to beta radiation and was possibly
related to the bluish pigmentation noted in the
nail beds. The latter disappeared when the nail
bed grew out several months later, but the cornea]
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pigmentation persisted for several years before it
finally disappeared. These pigmented streaks are
not to be confused with conjunctival and corneal
pigmentation of genetic origin noted in some of
these people, which is in the superficial epitheliums
and is permanent.

Pterygia andpinguecufae. During the early suweys
the incidence of pterygia and pingueculae was
thought to be greater in the exposed Rongelap
people than in the unexposed comparison popula-
tion. However, as the latter group has increased,

this no longer appears to be the case (see Table 14).
Opacities of the lens. Opacities of the lens have

been a common finding in the hlarshallese (see
Table 14). They are scored in order of decreasing
size as cataracts (arbitrarily considered as a lens
opacity impairing visual acuity by > 20/30), lens
opacities, polychromatic sheens, and flecks. Special
microscopic examinations for lens flecks were
made in 1969.1s

Irradiation of the lens in sufficient dosages may
result in a spectrum of opacities ranging from
polychromatic sheens to full-blown cataracts.s~-os
Only in the early stages of cataract formation can
changes characteristic of radiation generally be
recognized; more mature cataracts due to radia-
tion usually cannot be differentiated from those
due to aging or disease., The development of lens
opacities due to radiation depends on the charac-
teristics of the radiation, the age of the individual
at exposure, and the interval after irradiation.
ATeutrons are known to be several times as cata-
ractogenic as gamma or beta rays and played an
important role in cataract development in the
Japanese exposed to the atomic bombs and also in
cyclotron workers.sT-ag In the Marshallese only

gamma radiation need be considered because
no neutrons were involved in the fallout and the
beta radiation did not have sufficient energy to im-
part a significant dose to the lens. The gamma
radiation had a fairly energetic spectrum (100 to
1500 keV). The 175-rad dose was delivered at a
decreasing rate over the two days of exposure. The
minimum cataractogenic dose of x rays or gamma
rays is considered to be -200 rads and the dose to
produce progressive lesions, -500 rads.~o The
latent period averages about 2 to 3 years. \}’ith
larger doses the latent period may be shorter, and
with lower doses it may be ~ 8 years.

The smallest lens opacities observed with slit-
lamp microscopy were lens flecks, which are
thought to be defects in single lens fibers. These

discrete opacities were at most only a few microns
in size and could in no way impair vision. The
number of flecks increased with age in all groups,
but they developed more rapidly in adolescent fe-
males.13* A higher score in females aged 13 to 20
at exposure may have been related to the radiation.
The higher incidence of flecks in adolescent fe-
males was thought to be associated with their high
estrogen Jevek.

Other lens opacities observed in the exposed
31arshallese did not fit the descriptions of radia-
tion-induced types and w“ere similar to those seen
in the unexposed population. The absence ofradi -
ation-induced cataracts is not unexpected, since
the dose to the Llarsha!lese was below the mini-
mum dose of x rays or gamma rays needed. The
lapse of 20 years is well beyond the usual latent
period and it seems unlikely that any such lesions
will develop. All the cataracts seen have been of
the senile or pre-senile type and no juvenile cata-
racts have been noted. Possible correlation with dia-
betes is discussed in Section III. G. 6. The slightly
higher incidence of cataracts in the exposed Ron-
gelap people over the years may be related to a
slight preponderance of older people in the ex-
posed population.

Polychromatic sheens, yellowish or “beaten
brass” to blue-green in color, were noted in some
Marshallese, both exposed and nonexposed. These
were not associated with any Ienticular opacities
characteristic of radiation exposure.

F. GROWTH AND DEVELOPMENT STUDIES

OF EXPOSED CHILDREN

1. Data Taken

During each medical survey of the Marshallese
people, systematic pediatric examinations have
been conducted on subjects under the chronologi-
cal age of 20 years (see Table 15) with the excep-
tion of adolescent girls who were pregnant or who
had had babies. The studies consisted of a brief in-
terval history, routine physical examination, pal-
pation of the thyroid gland, and assessment of
growth and development.

The growth status of the children exposed to
fallout has been followed regularly since the initial
examination. From 1954 to 1958 the growth data
consisted of routine measurements of stature and
weight. In 1959, roentgenographic evaluation of

●These studies were done by Dr. J. Bateman, BNL.
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Table 15

Composition of Pediatric Groups, 1972

Age at exposure, yr No. males No. females

Rongelap group
<10 10 9

IO-19 5 9
in ldtt70 3 1

Ailingnae group
<lo 2 4

Unexposed group
Born 1945-1954 22 19

Born 1935-1944 11 7

skeletal development (left hand and wrist) was
initiated,41 and systematic documentation of an-
thropometric data was started. The documenta-
tion was continued during the succeeding exami-
nations on subjects considered to be in the growth
phase (generally through age 20). The data re-
corded regularly included standing height (stat-
ure), body weight, head circumference, head
width, head length, chest circumference, bi-
acromial width, and calf circumference, and spo-
radically included sitting height, chest width, chest
depth, and buttocks circumference. (See Appen-
dix 7.)

The development of secondary sex character-
istics was qualitatively assessed according to the
standard criteria generally accepted in growth
studies (Greulich et al. ,42 ShuttleworthAs). Such
procedures included the staging of breast devel-
opment in girls; estimation of the type, pattern,
and amount of body hair (facial, pubic, axillary,
etc.); and staging of the growth of penis and testes
in boys. During several examinations, photo-
graphic documentation was done as part of the
assessment of growth status and physique.

The roentgenographic evaluation of skeletal
development was done by the inspectional tech-
nique of Greulich and Pyle,Al and the American
standards were used for comparison.

2. Physical Findings

The early post-exposure examinations indicated
that the younger children, in general, manifested
more extensive and more severe radiation injury
than the older children and adults. Following re-
covery from the acute effects of radiation, the over-
all physical status of the children appeared to be
normal except for the subsequent development of
thyroid abnormalities, which are discussed below

in Section IV. The other physical findings, which
have been carefully tabulated in the individual re-
ports for each survey, indicate no definite pattern
of abnormalities that would cliffcrentiate the ex-
posed children from the unexposed comparison
children. The usual spectrum of infectious and
noninfectious diseases, congenital anomalies, and
physiological variations has been noted in both ex-
posed and unexposed children.

3. Growth Status

Interpretation of the anthropometric data and
assessment of the growth status of the exposed
Rongelap children have been complicated by (a)
radiation injury to the thyroid gland, (b) partial
or total thyroidectomies in the children who de-
veloped thyroid neoplasia, and (c) the administra-
tion of th}Toid hormone to the entire exposed Ron-
gelap population since September 1965. If the
data on the three children (Nos. 3,5, and 65) who
were obviously hypothyroid and had markedly
small body measurements are excluded, compari-
sons of mean stature and skeletal age indicated no
statistically significant difference between the ex-
posed and unexposed children for either boys or
girls.

Compared with American norms, the mean
skeletal ages at given chronological ages for each
group were, for unexposed girls, quite similar, but
for unexposed boys, they appeared to be delayed
by 6 to 7 months at each chronological age.

Earlier preliminary comparisons had suggested
that boys exposed at age <5 years were retarded
in statural growth compared with unexposed boys.
The current analysis excludes those with a specific
diagnosis of hypothyroidism. The individual growth
and development curves for 13 children exposed
at age <5 and their controls are shown in Figures
21 and 22. The effect of thyroid treatment on the
two boys (Nos. 3 and 5) is evident. Several other
children (Nos. 2, 19, 65, 42) had a tendency to-
ward retarded development, which may have been
improved by thyroid medication.

On the 4 children exposed in utero,careful exami-
nations have resulted in no unusual physical find-
ings. The growth progress of 3 of them has been
similar to that of age peers (see Table 16). One
boy (No. 85) has had a head circumference
smaller than the average for unexposed males and
a slightly retarded pattern of skeletal maturation,
but his statural growth curve was comparable with
that of unexposed males.
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I
Final evaluation of stature and skeletal age will

!
be postponed until all the exposed children have
reached the age of 21 to ensure that all are fully
mature.
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Figure 21. Statural growth and skeletal growth data for
boys exposed at age <5 years. Dashed lines show mini-
mum to maximum spread for unexposed peer group.
Arro\v indicates start of thyroxine treatment. Subjects: ● ,
NO. 2; 0, NO. 19; ●, NO. 23; O, No. 32; L, No. 54; 0, No.
3; A, hTO.5.

Height and weight data on survivors of the
atomic explosions at Hiroshima and Nagasaki have
been recently reexamined by the Atomic Bomb
Casualty Commission.4q Analysis of the final
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Figure 22. Same data as in Figure 22, for girls. Subjects:
●,-NO. 17; 0, NO. 21; A, No. 33; A, No. 42; ●, No. 69;
0, NO. 65.

Table 16

Summary Data on Children Exposed In Utmr

Subject Trimester Head Skeletal
JXO. & Sex ar exposure Stature circumference maturation

83 M third slightly tall large
84 A4

slightly advanced
thild slightly small normal

85 Al
normal

second normal small
86 F first

slightly retarded
normal normal normal



tadult) statures and weights, measured at age 21
or older, of subjects exposed to radiation at age
<17 indicated that those exposed in Hiroshima
attained a mean height markedly lower than nor-
mal and that the degree of retardation diminished
with increasing age at exposure, being greatest in

those exposed at age <5. The effect was more
prominent in boys. The preliminary tabulations
of growth data in the Marshallese children 16,~5
showed similar trends. Subsequently, the extent of
the thyroid injury documented in the Marshallese
children provided the basis for the present assump-
tion that growth retardation reflected primarily
the results of impaired thyroid function. It is an-
ticipated that when adult (final) anthropometric
measurements become available, further evalua-
tion of the growth pattern of the Marshallese chil-
dren (including further assessment of the effect of
thyroid hormone administration) will be possible.

G. DEGENERATIVE DISEASES

The aging process is accompanied by an in-
creased incidence of degenerative diseases, and ir-
radiated animals have shown increases both in
general aging phenomena and in such diseases;
therefore, in these studies careful consideration has
been given to signs of aging and to the incidence
of cardiovascular diseases, arthritis, and other de-
generative diseases.

1. Cardiovascular Diseases

Cardiovascular diseases appear to be no more
prevalent among the Marshallese than in Ameri-
cans or other populations, and no difference was
found between their incidence in the exposed and
unexposed groups. Hypertension appears to be
somewhat less prevalent among the Marshallese
than among Americans. Blood pressures > 140/90
have been recorded in only about 9??0of the people,
and the increasing percentage of older people in
the study groups does not seem to have raised the
incidence of hypertension. Many of the younger
people, particularly females, have notably lower
blood pressures (90- 100/55-65). The generally
lower bkmd pressures in the Marshallese have been
thought to be related to lower dietary salt in-
take,7~A’sbut the gradually increasing use of im-
ported foods of greater salt content has caused no
apparent increase in hypertension. Serum sodium
and po~assium levels have usually been in thenor-
mal range. Routine chest x rays and ECG’S on in-
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dividuals >40 years old have revealed the cardiac
changes expected with aging: arteriosclerosis heart
disease with occasional cardiac decompensation.
.4uricular fibrillation has been noted in a few
people; rheumatic heart disease in only two.
Peripheral vascular diseases (thromboph[ebitis,
peripheral venous disease, hemorrhoids) appear to
be less common than in Americans. Oscillometric
studies showed peripheral pulses to be excep-
tionally good, even in older people and in diabetics
(we below). No luetic, metabolic, or nutritional
form of heart disease has been seen.

2. Arthritis

Many Marshallese >40 years of age complain
of joint symptoms in the arms and legs and to a
lesser extent in the lower back. Many, particularly
the older ones, have complained also of vague
muscle pains in the arms and legs. Some older
women develop marked kyphosis in the lower
thoracic-lumbar region which may be related
partly to the squatting or stooping position neces-
sary for cooking over open fires. X rays show many
of the above complaints to be associated with
osteoarthritis changes; but many people with com-
plaints do not have definite bone changes. Arthritis
seems no more common in the exposed than in the
unexposed population, and its general incidence
does not differ greatly from that among Ameri-
cans. Rheumatoid arthritis has rarely been seen.
Examination of the sera for “rheumatic factor”
gave positive results in only a few cases (3 of 184
tested in 1959).s

3. Nephrosclerasis

Primary kidney disease has not been noted fre-
quently, but nephrosclerosis has occasionally been
seen complicating cardiovascular disease.

4. Aging

Radiation in sublethal doses may reduce longev-
ity in animals and man. Induction of malignant
transformation is well documented and accounts
for most of the early deaths. However, develop-
ment of premature senescence with associated de-
generative diseases and immunodeficiency, as a
late effect of exposure, is also believed to account for
some degree of life shortening in animals.4T-~g For
humans, definite proof of such effects is lacking,
the only documented life-shortening effect being
related to malignancies. so,sl In the Japanese bomb
survivors, the correlation of life-shortening with
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malignancies iswell documented,5z-55 but that with
other less well-defined aging criteria is not clear-
cut. Beebe et al.,ss reporting on 1300 deaths from
1950 to 1966 among 8200 exposed Japanese,
stated: “Once cancer is removed from the list of
natural causes, mortality appears to bear no rela-
tion to radiation dosage. In none of the 4 time
periods is there evidence of general increase in
mortality that one might expect from the hypothe-
sis of accelerated aging.”

Since the underlying mechanisms of ordinary
aging are not clearly defined, it is difficult to conl-
pare radiation effects with the aging process and
to recognize their interaction. Studies of longev-
ity in the relatively small Marshallese population
under observation do not provide any evidence of
a possible life-shortening effect of radiation. At this
time the average age at death in the Rongelap ex-
posed group is 64 years compared with 65 in the un-
exposed population, and 61 among the unexposed
Utirik people. The differences are not significant.

Numerous empirical studies concerned with pos-
sible radiation-induced aging effects have been
carried out on the Japanese survivors52-56 and on
the Marshallese.8’1 2’13’57-GlOn several occasions
Rongelap people were given a battery of nonspe-
cific tests for aging similar to those used in the
Japanese studies.s’lz’ls ,Some of these tests were
based on subjective assessment, on a O to 4 + scale,

of items such as greyness of hair, arc us senilis, senile
changes in the skin, balding, etc., but most involved
direct measurements of items such as skin loose-
ness, skin elasticity (skin caliper), visual accom-
modation, visual acuity, hearing (audiometric),
blood pressure, neuromuscular function (light ex-
tinction test), hand strength (dynamometer), vibra-
tory sense (vi brometer), and lean body mass
(whole-body potassium by gamma spectrographic
analysis). Comparison of these values in the ex-
posed and unexposed Marshallese (Table 17)
showed no significant differences. The biological
age scores (average percent score), plotted in Fig-
ure 23 for both groups, are about the same.

5. Immunological Studies

Radiation is known to impair the immunologi-
cal status of individuals soon after exposure if the
dose is sufficient to produce significant leukopenia.
During the early period, though the acute effects
on the Rongelap people included considerable de-
pression of peripheral blood elements, comparison
of the incidence of infections with that in the Utirik
group gave no evidence of impaired immunity.
Reduced immunological reserve may likely be a
late effect of radiation exposure,Gz but it hti not
been observed conclusively in man. The develop-
ment of leukemia and other malignancies follow-
ing exposure may quite possibly be related to re-

Table 17

Correlation of Criteria \Vith .Age and Radiation Expowsrelz

Correlation Correlation with radiation
with age
(r value) Percent Significance* (p)

Grayness 0.87 +17.0 N.S. (0.70)

Arcus senilii 0.83 0.0 N.S. (1.00)

Accommodation 0.81 –14.1 N.S. (0.11)

Skin retraction 0.7+ + 7.3 N.S. (0.68)

Skin looseness 0.70 + 1.6 N.S. (0.82)

Vibratory sense (M+ F) 0.70”” – 1.4 (M), +24.6 (F) N.S. (0.90, 0.20)

Visual acuity 0.69 + 14.0 N.S. (0.59)
Hearing loss 0.67 + 7.9 N.S. (0.40)
Hand grip (M+F) 0.67** + 13.8 (M), + 13.8 (F) N.S. (0.15,0.18)
Reaction time (M+ F) (light extinction test) 0.64”” – 2.0 (kI), – 10.5 (F) N.S. (0.88, 0.55)
Systolic blood pressure 0.55 -11.5 N.S. (0.30)
Potasium (M + F) 0.41** – 14.6 (M), + 10.6 (F) N.S. (0.17, 0.22)
Cholesterol 0.39 –17.2 N.S. (0.05)
Neuromuscular fhnction (M+ F) (hand tally) 0.36** + 3.2 (M), + 1.1 (F) N.S. (0.85, 0.95)

Combined scoret 0,!39 + 7.0 N.S. (0.27)

●N.S. – not significant at 5?c level. **, values for ,na]m and females averaged. tlveighted according to r value.
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duced immunological surveillance. Our interest in
immunological capacity is related also to the con-
sideration that impairment of immunity is thought
to be associated w-ith the aging process.

Antibody response. Three years after exposure a
number of exposed and unexposed Rongelap
people were tested for antibody response to pri-
ma~ and secondary tetanus toxoid inoculations,
with a mouse used for toxin-antitoxin assay of
Serum.e* The difference bet~veen the exposed and
unexposed groups was not significant.

B[ood c<IIchanges. The persistent lag in complete
recovery of leukocytes was believed to reflect re-
duced bone marrow reserve and therefore reduced
immunological reserve. The apparent recent reco\’-
ery of hemopoiesis in the exposed people to control
levels may indicate an improvement in their im-
munological status. Table 18 shows that reduc-
tions in lymphocytes and platelets and an increase
in sedimentation rates were correlated with in-
creasing age in the Marshallese.

lrnmunoproteirx Immunoelectrophoretic analysis
of serum proteins in 1962 showed neither a para-
proteinemia nor a typical picture of antibody de-
ficiency syndrome, but a high frequency of some of
the immunoglobulins was noted.lo* * Complement
fixation studies showed the Marshallese to have
antibodies to most viruses except Asian influenza
(an epidemic of this disease later occurred in 1972).
The antibody titers appeared somewhat lower in
the exposed people.l”

The older people had higher levels of gamma
globulins but slightly decreased albumin levels
(1969 ).lsISg@o Immunodiffusion studies showed

that the rise in gamma globulin levels was paral-
leled by an increase in immunoglobulin.t The in-
crease in IgG moiet y was the most pronounced, and
it showed significant correlation with age (r = 0.78).
The increase in K light chains waa also signifi-
cantly correlated with age. The immunoglobulin
levels were more depressed in the exposed group,

particularly those of IgG, IgA, and L light chains
(Table 18). However, by 1974 the gamma globu-
lin levels in the exposed people were nearly the
same as in the unexposed (Table 19).

Lymphocyte finct ion. Tests on the phytohemag-
glutinin (PHA) stimulation of lymphocytes cul-

“Dr. RD. Stoner at BNL did these analyses.
●“Din R. Butler and A. Haasig at the Swiss Red Cross Lalmra-

toq did these analyses.
Whew studies were done by Dm J.L. Fahcy and R. tvoods

of the ,SatiorsalCancer Immunoglobulin Center.
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Figure 23. Biological age scores.lz

tured from peripheral blood showed a definite de-
crease of responsiveness with increasing age of the
individual (Table 18 and Figure 24) but no def-
inite difference between exposed and unexposed
groLIPs.~9@JIn a more recent study, acetylation of

nuclei of PHA-treated lymphocytes was measured

at various times as a function of lymphocyte trans-

formation and of aging. 61 Decreased acetylation of

nuclei is associated with increasing age and is

roughly parallel to the decrease in lymphocyte

transformation. Total acetate incorporation in the

nuclei during the first hour of culture was corre-

lated with acetylation of histories, but by 20 hr
acetylation of other nuclear materials had also
occurred.

Chromosome counts. In 1969 chromosome counts
were made on PHA-stimulated lymphocytes cul-
tured from peripheral blood from 78 unexposed
and 27 exposed Rongelap people.63 Both hypodip-
Ioid and polyploid levels were found to be related
to the subject’s age. Females >50 and exposed
males >50 had -1.5 times as many hypodip-
Ioids as did the younger subjects; polyploid levels
were sharply reduced in all subjects >50. Hy -
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Table 18

Correlation of Immonoelcctrophoretic and Peripheral Blood Findings
U’ith Age and Radiation Esposurell (D =decrease; I = increase)

~nexpmed group Exposed group

Change Correlation Percent dif. Significance

Criterion \vith age with age (r value) from unexposed (p value)

Lymphocyte transformation D 0.89 – 1.1 0.68

Serum proteins

Total serum proteins I .35 – 1.5 .24
Albumen D .45 + 15,0 .01
Total globulins I .58 –17.1 .01
Alpha- 1 I .37 –31.0 .01
Alpha-2 I .43 – 20,0 .01
Beta I .32 – 6.0 .03
Gamma I .75 – 18.3 .O1

Immunoglobulins
A (Ig.A) I .49 –17.0 .05
D (IgD) I .20 – 3.0 .98
M (IgM) I .20 – 4.0 .74

G (IgG) I .78 - 8.0 .22
Kappa light chains I .96 – 3.0 .69
Lambda light chains I .24 – 14.0 .15

K/L ratio I .41 + 0.4 .74

Blood findings
Hematocrit D .57 + 2.9 .07
Sedimentation rate I .72 +11.4 .08
Total leukocytes D .43 – 2.5 .59
Lymphocytes D .91 – 0.1 .51
Neutrophils I .44 – 13.8 .04
Platelets D .65 – 8.4 .04

Table 19

%-urn Proteins, 1973-1974

Group Total protein Albumen Alpha 1 Alpha 2 Beta Gamma Total globulin

Rongelap 7.7620.70 4.22 5z0.50 0.2?O&0,05 0.69&0.12 1.08&0.24 1.59*0.41 3.54?0.58
Ailingnae 7.99&o.51 4.30?0.37 o.19tio.07 0.72&0.15 1.0530.20 1.7630.38 3.60&0.56
Utirik 7.60&().j()4.29& o.-t3 o.16&o.06 0.69 Y0.30 0.891k0.23 1.6730.45 3.3330.50
Unexposed 7.60*0.71 4.1150.45 0.19~0.06 0.75*0.14 1.00&0.24 1.5730.48 3.5220.54

podiploid levels were related also to radiation;
this was more pronounced in the males, with the
exposed having 2.8 times as many hypodiploid
cells as the unexposed, whereas the exposed fe-
males had 1.3 times as many as the unexposed.
Polyploid levels were not found to be related to
radiation. Both sex and chromosome size ap-
peared as factors possibly related to hypodiploid
levels. In all subjects, regardless of sex or exposure,

the largest and most frequent loss of chromosomes
was in the G(Y) group (2.3 times expected loss). In
the C(X) group, females lost 15.2% more chromo-
somes than expected and males 12.6?0 less. No sex
or radiation effect was apparent in the other five
chromosome groups. A series of additional ctil-
tures indicated the presence of chromosome break-
age factor in the plasma of the exposed subjects. In
cultures of the latter, chromosome aberrations
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Figure 24. Age-related change in lymphocyte transforma-
tion in peripheral blood cultures showing the mean per-

cent transformation for each decade with standard
deviation.ls

were nearly doubled but aneuploid levels were
not affected.

In summary, several indications have been seen
of reduction or borderline deficiency of the im-
munological status in the exposed Rongelap people
in earlier years, but no evidence that such defi-
ciency was related to disease incidence, with the
possible exception that the increased development
of malignancy in the exposed Rongelap people
may be an indication of reduced immunological
surveillance. Recent rises of leukocyte and gamma
globulin levels to control values indicate some de-
gree of recovery, but better tests for immunologi-
cal status are needed.

6. Diabetes Survey

Diabetes is a major problem in all the Marshall
Islands, and investigation of it is important for hvo

reasons. First, the disease is difficult to manage;
rules developed for U.S. and European conditions
may not apply. Choice of diet is limited. The hy-
gienic conditions favor infections and make foot care
a major consideration; also, home use of insulin is
precluded in all but a few cases. It would be a sig--
nificant contribution to the welfare of the people
to diagnose the condition early and to define the
optimum rules for management, and advice on

this problem has been requested by Trust Terri-
tory medical personnel. Second, the situation of
scattered, sequestered population groups and the
large contrast in living conditions between borne
atolls and district centers make it an ideal area for
investigating the relative importance of patho-
genetic elements. In this respect, the situation may
not be matched anywhere.

During early 1974, 375 people from Utirik and
Rongelap Atolls, some of whom are now residents
of Majuro and Ebeye, were examined in order to
establish the incidence and nature of diabetes in
the Marshall Islands. * The 28 previously diag-
nosed diabetic patients from other atolls were also
examined but are not included in this analysis. On
Majuro, 120 subjects were surveyed; on Ebeye,
1I 6; on Utirik, 81; and on Rongelap, 58, Blood
and urine glucose determinations were made, a
questionnaire was filled out, and pertinent physi-
cal examination was done to assess the presence
or absence of degenerative complications of dia-
betes. Blood was also obtained for uric acid, cho-
lesterol, and triglyceride determinations. Plasma
glucose was measured in the fasting state and/or
2 hr after the ingestion of 75 g carbohydrate (Glu -
cola). In this survey a plasma glucose level, either
fasting or post-prandial, >120 mg 7. was consid-
ered indicative ofabnorrnal glucose tolerance. In
some cases glycosuri a was accompanied by nor-
mal plasma glucose and these were not included
in the group with diabetes. Some subjects with
glycosuria did not have plasma glucose determina-
tions (for a variety of reasons); these are catego-
rized as possible diabetics. Although attempts were
made to obtain complete data on all subjects aged
>15, these were not always successful. The failure
to supply requested information on some question-
naires accounts for the discrepancies in the num-
bers given in Table 20. The results are also cate-
gorized on the basis of whether the subject previ-
ously knew of the abnormality in glucose toler-
ance. Obesity is evaluated on the basis of height
and weight but frequently this information is not
complete. The data are being analyzed in their pres-
ent form, but the missing information will be ob-
tained, if at all possible, as the program continues.

Preliminary evaluation of the data (see Table
20), with the limitations mentioned, strongly sug-
gests that the incidence of diabetes mellitus in the

●\~care gra[eful to Drs.James B. Field and Cathcritw Detre
at the University of Pittsburgh School of Medicine for analysis
of the diabetes data.

I

I
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Table 20

Diabetes Survey: Preliminary Results, 1974

Glycosuria
with normal

Diabetes blood sugar

No. No. No.
Group people* cases $?0 cases %

Rongelap
and L’tirik 375 103 27.5 29 7.5

Male 180 48 26.7 17 9.4
Female 195 5i 25.9 10 5.1

Obese 196 58 29.6 18 9.2
Non-obese 136 22 16.2 10 7.4

Utirik 201 57 28.4
Rongelap 174 46 26.4

Residing at**
hfajuro I 20 37 30.8
Ebeye 116 29 25.0
Rongelap 58 16 27.6
Utirik 81 21 25.9

●Includes 10 subjects from other atolls, married to Ron-
gelap and Utirik people .

●*Includes ~th Rongelap and Utirik people residingat
theseIoeations.

Marshall Islands is considerable and is probably
greater than in any other population groups ex-
cept possibly certain American Indian groups.Gq
Although some previous reports have indicated a
high incidence of diabetes in some Polynesian
populations,65-@ others have suggested a low
incidenee.GS-To

The overall incidence of diabetics was 26%, and
~ % of these patients were unaware of their ab-
normality. The average age of the diabetics was
considerably greater than that of the nondiabetics.
The disease appears to be as common in males as
in females, but a definite statement must await
completion of the data analysis. Obesity was much
more common in women than in men, and the
data indicate an increased incidence among obese
subjects. Cataracts seemed to be much more com-
mon in the diabetics than in the nondiabetics, but
this would certainly be influenced by the older age
of the diabetic population. No definite difference
was seen in the incidence of cataracts among indi-
viduals known to have diabetes compared with
those in whom the diagnosis was made during this
suswey. A significantly higher percent of the dia-

betics than of the nondiabetics had neuropathy,
but, because of age differences and other factors
previously stated, covariance must be eliminated
horn the data before these observations can be
evaluated. (IVeuropathy was evaluated on the
basis of history of paresthesia and/or objective
abnormalities in reflexes and sensory perception. )
The limited data available did not suggest evi-
dence for increased retinopath y or peripheral vas-
cular disease among the diabetics. The disease
more closely resembles maturity onset diabetes
with absence of acute symptoms, ketosis, and ab-
solute dependence on insulin treatment.

The data do not suggest any differences behveen
Rongelap and Utirik people (genetics) or between
places of residence (environmental influence), and
there is no evidence that radiation exposure has

played a part in the pathogenesis. The differences
in diet and general living conditions between the
“outer islands” and the district centers are consid-
erable and might w,ell play a significant role in
pathogenesis. However, analysis of this factor is
difficult because of the mobilit y of the people, who
constantly move between home island and the
centers; the place w-here an individual is exam-
ined may not be where he haa spent the major part
of, say, the last 10 y-ears.

Despite the limitations, the preliminary results
are considered to be of sufficient interest to war-
rant a more careful and complete investigation.
Additional observations will be made to provide
the missing information and to obtain more objec-
tive data regarding the incidence of neuropathy,
cataracts, and retinopathy in these patients. The
insulin response to a glucose challenge would also
be of interest in assessing some of the factors that
might be important in the etiology of diabetes in
the Marshall Islands.

The examinations are by necessity restricted to
Rongelap and Utink people. When the Eniwetok
and Bikini people return to their home islands in
sufficient numbers, the diabetes investigations
may be expanded to cover these groups.

H. CHROMOSOME AND GENETIC STUDIES

1. Studies of Chromosomes for Radiation Effects

In 1964 chromosome preparations were ob-
tained from lymphocytes cultured from the periph-
eral blood of 43 exposed (21, age <20; 22, age
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Figure 25. Two-hit chromosome aberrations in exposed
\[arshisllese. Top: arrow points to dicentric form; bottom:
arm,.” points to ring form. 12

>20 j and 8 unexposed Rongelap people. * Chro-
mosome aberrations were noted in 23 of the ex-

posed and in 5 of the unexposed Marshallese, but
the exposed group had a number of two-break ab-
errations (represented by dicentric chromosomes,
translocations, and a ring form) that are thought
to be associated with radiation expos~lre ( Figure

25).71 X-O two-hit aberrations were found in the
unexpmed group, but both groups had an unusual
number of acentric fragments, the cause of ~~hich
is not known Paradoxically, Rongelap people
\\ith the lower exposure had more aberrations
than those with the higher exposure. These studies
indicate that a small but significant number of

chromosome aberrations persisted in blood lym-
phocytes in some Marshallese as late as 10 years
after exposure. The results are consistent with
those of similar studies on the exposed Japanese
fisher men,72 on victims of other radiation acci-
dents.;3 and on Japanese bomb survivors.74

2. Somatic Mutations

In 197-I, studies* were made of the frequency of

amino acid substitution in the hemoglobin of the
fikirshal]ese on blood samples sent to Oak Ridge.75

Since there is no coded isoleucineTG in adult hu-
man hemoglobin A, its presence must be due to
errors in transcription or translation or to somatic
mutations arising during DNA replication. Errors
in transcription, which occur infrequently, form
altered mRNA, tRNA, and rRNA; they change
the coding in the mRNA and may reduce the
fidelity- of the tRNA with regard to both the kind
of amino acid it accepts and the mRNA codons it
recognizes. TTErrors in translationTT arise through
the attachment of wrong amino acids to tRNA
(aminoacyl synthetase errors) and the imprecise
recoamition ofmRNA codons by tRNA anticodons
(translational variation). Somatic mutations result
from mistakes in replication of DNA; many single-
base-substitution mutations change nonisoleucine
into isoleucine codons,TS and the resulting mutant

cells could have hemoglobin mRNA with isoleu-
cine codons. For this reason, an increase in the iso-
leucine content of hemoglobin A would be ex-
pected in humans exposed to agents causing base-
substitution mutations. Possibly radiation may
cause base-substitution mutations in human so-
matic cells, but this has never been established.

The isoleucine content of the hemoglobin A was
determined in blood from 13 exposed Mamhallese
and 12 unexposed. The frequency of isoleucine
substitution for other amino acids in hemoglobin
\vas calculated by dividing the nanomoles of iso-
Ieucine by the total nanomoles of all other amino
acids in each sample. The frequencies are listed in
‘1’able 21.

“These analy.w were done by DE.. H. LISCO,Srw Enqlancl
Deaconess Hospital, and R..k. Conard, BN L.

““tksc itudirs were done by Drs. R./\. Popp, G. P. Hirsch, and
E.C,. BailIR at Oak Ridge National Laboratory.
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Table 21

Frequency of Substitution of Isolcucine for Other Amino Acids
in Human Hemoglobin From 25 Marshalkse

Age at Age at Substitution Average &
Subject No. and sex exposure, yr present, yr frequency ( X 10-5) SEM (x 10-5)

Exposed, 175 R 8.81tl .96
3 M 1%2 21 19.79

10M 30 50 ‘ 3.58
18F 24 44 5.06
24 F 13 33 13.45
33 F 1 21 4.74
35 F 1~ 32 5.19
4Z F 2 22 10.40
71F 27 47 8.29

Exposed, 69 R
6M I 21 6.98
8F 1?42 21 12.93

44 M 3 23 4.04
45 F 31 51 3.65
81 F 7 27 2.12

Unexposed
813M 20 3.37
815 M 24 2.17
929 F 35 3.47
836 M 41 2.45
839 F 46 1.89
841 F 41 3.56
846 F 51 2.41
867 F 46 2.12
868 F 51 4.35
944 M 49 3.93

1547 F 60 7.15
1549 M 21 1.57

5.94*1.92

3.205z 1.52

A slight, but insignificant, increase in the iso-
leucine substitution frequency was found in con-
trols aged between 20 and 51; the linear regression
has a positive slope of 0.0234 X 10–5/year. Except
for subject No. 1547, the higher frequencies were
found in samples from exposed persons, but some
of the exposed had values in the control range
(Table 21). The higher frequencies were observed
more often in individuals exposed at younger ages,
although the globin from subject No. 33, exposed
at 1 year, had a low isoleucine content. The find-
ings are consistent with the higher leukemia in-
duction, among pemcm.sexposed to x rays79 and to
atom bomb irradiation,so in those exposed pre-
natally and at young ages.

Studies in progress strongly suggest that the in-
creased isoleucine content in the hemoglobin of
exposed Marshallese is due to base-substitution
wmatic mutations. The supporting data75 include
analyses showing ( 1) that higher isoleucine substi -

tution frequencies occur in both the alpha and
beta chains of hemoglobin from exposed persons,
and (2) that contamination by fetal hemoglobin,
which does conta”m isoleucine, could contribute no
more than 7 parts per million amino acid residues
to the values reported in Table 21.

3. Genetic Studies

a. Possible Radiation Effects. The inheritance
of radiation-induced mutations has been amply
demonstrated in genetic studies on animals, but it
has not been unequivocally seen in man. Large
numbers of animals are necessary to demonstrate
such an effect, and the size of the irradiated human
populations studied is probably too small for it to
be readily detected. The largest-scale human
study was made by Neel et al. on the children of
parents exposed in Hiroshima and Nagasaki,sl
and it showed no clear-cut genetic effects. Exan~-
inations of the much smaller group of Llarshallese
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children born to an exposed parent or parents
have shown, on the basis of incidence of gross
anomalies, no evidence of inherited radiation-
induced mutations.

The principal aberrations noted in Marshallese
adults and children have been bilateral shortening
of the fifth finger, prominent head of ulna, dislo-
cated w-rist,enlarged cornea, tortuosity of retinal
vessels, asymmetry of face, congenital nystagmus,
and pigmentation oft he cornea. Studies of familial
patterns of such defects have not been done; they
are not related to exposure.

The possible increase in miscarriages and still-
births among the exposed women during the first
5 years may lead to speculations that radiation in-
duced lethal mutations in germ cells of the ovary
or, less likely, in sperm cells. * The presence of
chromosome aberrations in peripheral blood @n-
phocytes in the Marshallese 10 years post expo-
sure, and the possible somatic mutation in the
hemoglobin, d~ribed above, support speculations
that mutations in the germ plasm occurred and
might be detected in the offspring by more sensi-
tive tests. However, in view of the relatively small
dose of radiation and the small size of the popula-
tion, on a priori grounds a clear-cut demonstration
of a genetic effect of radiation in the children born
to exposed parents would seem unlikely. Never-
theless, given the nature of the circumstances, it
has been deemed desirable to make every effort to
collect such data. Since recessive combinations

●About one-half the miscarriages cccurred in exposed women
married to unexp26ed men.
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may take several generations to affect the pheno-
type, recognition of their radiation etiology may
be extremely difficult. Neel et al. are at present
carrying out more sophisticated studies in the Jap-
anese, concerned with the occurrence of variant
forms of 24 serum proteins and erythrocyte en-
zymes. He and Dr. R.E. Ferrell kindly consented
to examine blood samples collected in 1974 from
187 hlarshallese children and parents (exposed
and unexposed). The results, summarized below,
included no significant findings indicating radia-
tion-induced mutations.

b. The Frequency of “Rare” Protein Variants.

The blood samples mentioned above were sub-
jected to electrophoretic analyses for polymor-
phisms and rare variants of proteins and erythro-
cyte enzymes.82 The findings \veresummarized by
Necl et al.az as follows.

“Blood specimens from a sample of 187 Mar-
shall Islanders were studied with reference to vari-
ants of 24 serum proteins and erythrocyte enzymes.
Six of the traits studied exhibited genetic poly-
morphisms (adenosine deaminase, phosphogluco-
mutasel, acid phosphatase, 6-phosphogluconate
dehydrogenase, haptoglobin, group specific com-
ponent). There was in addition one ‘rare’ variant
(of albumin) in 4047 determinations. These results
on rare variants have been combl ned with those of
others on Micronesians, and the frequency of rare
variants in Micronesians compared with the fre~
quencies in West European Caucasians, Japanese,
and Amerindians. There are many difficulties in
such comparisons, and, although the observed val-
ues for the four ethnic groups differ by a factor of

Table 22

Gene Frequenciesfor Six Genetic Polymorphisms in the Marshall Islandss2

Phenotype

System 1 2-1 2 Total Gene frequency

Adencsine deaminase 167 18 0 185 AD.41 = 0.951
Croup specific component 116 50 2 168 &l = 0.839
Haptoglobm* 56 93 32 177 Hpl = 0.579
Phosphoglucomutasel** 156 26 1 184 PGMI1 = 0.912

A AB B— — —

Acid phosphatase 101 73 11 185 ApA = 0.743
6-Phosphogluconate dehydrogenase 164 21 0 185 6-PGDA = 0.943

●The HpO t>-pewas observed in 4 individuals.
●●TWO~MmPla of the pGM phenotype 2-7 and a single phenotype 1-7 were observed (pGM17 =o.o08).
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3, the hlicronesians exhibiting the lowest fre-
quency, it is felt that no conclusions concerning
differences between ethnic groups can be drawn
at this time. -’

Table 22 shows the gene frequencies for the six
genetic polymorphisms found.

c. Blood Studies for GeneticallyInherited Traits

in the Marshallese. * A large body of data has
been collected from genetic studies on the ,Mar-
shallese people. The results are not only of great
anthropological interest but also may show in time
some possible genetic effects of radiation exposure
in future generations. Table 23 lists the frequency
of the various traits tested.

Bfoodgrouping studies show that the Nlarshallese
have a relatively high B gene frequency, a high N
gene frequency, an extremely high RI gene fre-
quency, and total absence of Ken and Diego fac-
tors. These characteristics differ from those of Poly-
nesians and suggest a relationship of the hlarshall-
ese peop!e w-ithSoutheast Asians and Indonesians.
Haptoglobin studies showed a frequency of the
Hpl gene higher than in European populations

thus far tested and consistent with that of popula-

tions living near the equator. The distribution of
haptoglobin types showed the population to be
relatively homogeneous. Transferring in all sera

were type CC, the common European type. /3-

Aminoisobutyric acid urinary levels showed the
Marsha!lese to be the highest excreters of this acid
of any population thus far reported. Levels in the
exposed group were about the same as in the un-
exposed group, and no correlation was found with
body burden levels of radionuclides; this indicates
that there is probably no correlation with radia-
tion exposure. Hemoglobin ppes were considered
normal (all had type AA2). Sickling tests showed no

sickling tendency in any of the people. Giucose-6-
@so#ate dehrdrogenase of the red CC1lSappeared to
be normal in the Marshallese. Studies of Gm phtno-

J@ showed the Marshallese to have 100% Gm@+J
and nearly 100% Gm@+J. There was a complete
absence of Cmx and a high frequency of Gin-like
(Cm”). Serum studies for the Ag system reveal
that the Rongelapese compared with other world

.
●We are grateful to the following persons for analyses: blood

groupings - Dr. L.X. Sussman, Beth Israel Hospital; haptoglob-
ins, transfcrrins, .+C, antigens - Dr. B.S. Iilumbcrg, Institute for
Cancer Research, Philadelphia; hemoglobin types - Drs, R.L.
Engle, Jr. and G. Castillo, Cornell University NIcrlical Center,
and Dr. S.H. Ba, m, Johns Hopkins Hospital; glucose-6-phos-
phate dehydrogenme studies - Dr. Bayer; BAIft studies - Dr.
S.M. Garrlcr, University of Washington, and Dr. Blun)lwrg,

Table 23

Genetically Inherited Traits in ,Marshallesc

Frequency Gene
Trair (%) frequency

ABO (310 pCO@!)

o

A
B
AB

MN (31 Opeople)

M
MN
N

Ken (310 people)

Diego (310 people)

Rh (310 people)

RhlRhl
Rhlrhz
RhlRh2
Rh2
Rho

Haptoglobins ( 176 people)

Types 1-1
Types 2-2
Types 2- I
Types O & rare

Ag system ( 187 people)

C,deB.
New York

Hemoglobin (17 I people)

AA2

BAIB ( 188 people)

High excretors

60.7
19.7
15.1
4.5

8.0
22.0
70.0

0.0

0.0

90.9
4.2
3.9
0.3
0.6

33.5
18.2
47.2

1.1

98.0
38.0

100.0

90.0

Australia antigen (474 people)

k 0.768

;. ::/:

hi 0.194
N 0.806

RI 0.950
R2 O (_j~(j

Ro 0.030

populations have a high frequency of C.deB. anti-
serum reactors and a low frequency of New York
antiserum reactors. The level of BAIB (/l-amino-
iso-butyric acid) was the highest yet reported for
any population.

Considerable caution must be exercised in evac-
uating the results of these studies on genetically
inherited characteristics because of the small
number ofsarnples tested. The data do seem to in-

dicate relative homogeneity of the population and

closest kinship with people of Southeast Asia.
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These data also may be useful as a base Iine, shoulcl
genetic changes appear in later generations, pos-
sibly related to radiation exposure.

IV. Thyroid Findings

A. EARLY FINDINGS

Examinations for possible thyroid abnormalities
were an important part of the program from the be-
ginning. At the time of the accident it ~~’asnot
considered likely that the thyroid had received a
sufficient dose of radioiodine to result in abnor-
malities. In retrospect this proved to be quite
wrong, since thyroid injury and its sequelae have
been the most serious late result of the fallout ex-
posure in the hfarshallese people. A chronological
review of events leading to the development of
thyroid abnormalities follows.

Beginning several years after exposure it was
noted that 5 of 19 children exposed at <10 years
of age showed retardation of growth.s.lG This was
particularly notable in the boys exposed at <5
years of age (Figure 26). The cause of this retarda-
tion was not immediately apparent. It was recog-
nized that thyroid hormone deficiency from thyroid
injury could result in such growth retardation.
However, examinations during this early period did
not reveal any thyroid abnormalities, and the PBI
levels in these children as well as in all Marshallese
were in the normal to high range. The growth re-
tardation gradually became more apparent, and at

180- [ I I I I I I I I I I r I I I I I

165-
.. ““’7

il,.../,/
90 ‘

75
[

_ Exposed at age
----- Control group

fjo~
135791 [13 [5

Age

Figure 26. Statural growth in Rongelap boys exposed
at <5 years of age, 1958-1967.

Figure 27. Growth-retarded boys exposed at agc 1 year
(No. 3, left, and No. 5),6 months after start of treatment
at age 11 (1966).
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Figure 28. Bone dysgenesis of heads of humeri in subject
No. 5, typical of hypothyroid disease (1965).



Table 2!

I

Thyroid Findings, September 1974

Subject No. Est. thyroid Age at .$ge lesions
and sex dose,* rads exposure developed Diagnosis” *(S =surgery)

,,
!,
,,

1I’;o
1050

,,
,,
,!
,!

1000

9’;5
855

,,

8i0

6~5
655
370

,,
,,

5Z()

475

4;5
380
333

II
,,
,,
,,
11
41
II
,,
,,
,,
**
18
If
,,
,,
,,
II
It
t,
,,
,,
t,
,,
t,
II
,,
II
,,
,,
II
,*
,,
It
,,

1
1
1
1
2
3
3
3
3
3
4
4
6
7
7
7
8
8

11
12
13
13
13
14
15
13
16
17
18
18
20
21
22

24
25
26
26
28
29
30
30
36
36
37
38
39
44
44
45
46
46
50
50
52
55
56
59
59
66
75
76
76
98

]? (?)- Nf}xede,na (thyroid atrophy)
12 (?) hlyxeciema (thyroid atrophy)

Rongelap exposed ( 175 rads), 64 people (3 in utcro listed separately)
3 M 1150 1
3M

33 F
54 -M
63 F

2M
17F
19.X4
21 F
32 M
42 F
23 M
69 F
72 F
15F
20 M
36&f
47 M
61 F
76 M
75 F
24 F
35 M
26 .M
67 F
39 F
49 F
74 F
22 F
12F
73 M
37 M
18 F
9M

10 M
14F
27 M
77 M
71 F
40 M
64 F
66 F

7M
63 F
78 F

4M
79 M
68 lM
25 M
34 F
52 F
80 M
llM
82 ,~

30 F
62 F
60 F
13F
58 F
56 F
38 M
46 M
55 M
57 F

13
13
13
1?
]?
14
]?

1;
16
l-l
17
21
18
19

19

30

34

34

40
41

—

—

(S) Adenonms
(S) .%lcnomas (leukemia, died age 19~
(S) Adenomas
(S) Adenom.as
(S) .Adenomas
(S) Adenornas
(S) Adenornas

—

(S) Aclenornas
(S) Adenomas
(S) Adenomas
(S) Carcinoma (papillary-follicular), adenomas
(S) Adenornas
(S) Adenomas
(S) Adenomas

(S) Adenomas
Hypertrophy, lobular
(S) Adenomas

Died 1962
Nodule 0.5 cm, rt.
Hypertrophy rt. lobe
Lobular hypertrophy

—

—

(S) Carcinoma (follicular)
Thickened upper It. lobe 1974

—

(Leprosy)

(S) Adenomas
(S) Carcinoma (papillary-follicular)

—

Died 1974
Died 1956

Died 1963

Died 1962
Died 1959
Died 1’359
Died 1966

Adenomas found at 1962 autopsy+
Died 1957
Died 1956
Died 1966
Died 1963
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Table 24 (Continued)

Thyroid Findings, September 1974

Subject No. Est, thyroid Age at Age Icsiom$
and sex dose,* rads exposure developed Diagnosis* * (S= surgery)

.%lingnae exposed (69 rads), 18 people ( 1 in uftro listed separately)
6M - 450 1
8F 1

44 M 3~5 4
48 F 360 6
33 F 320 8
81 F 8
70 F 1;0 15
51 F 135 25
31 M It 31
45 F It 32
50 M VI 34
16 M t~ 39
41 M II 44
59 F 1s 44

IF It 54
29M It 65
43 F II 67
28 F 68

In utrroexpcaed, 4 people”
83 M 175+? 2nd tri
84 M 69+? II II
85 M 175+? 1st tri
86 F 175+? 1, t,

Utirik exposed ( 14 rads), 157 people~
2229 F 31 20
2~08 F 11 35
22I2F II 35
2194 F II 37
2258 M II 47
2182F II 52
2221 F 54

Rongelap unexposed, 19; ’people (-80% of group)t~
938 F
829 F
841 F
845 M
91OM
912M

1007 M
858 F
898 F

17

—

27
—

45

51

63
56

—

19

36
54
54
53
63
72
71

32
34
54
50
70
20
58
60 (?)
75 (?)

Likiep unexposed, 137 people, 1970 (-50% of group)tt
-F — 75
-F 48
-M — 63
-M 80
-M 74

(S) Adenomas (benign?)

Hypertrophy rt. 1974
Nlass 0.5 cm, lt. lobe ’73; neg. ’74

Neurofibrorna neck removed ( 1968)
(S) Adenomas
Died 1958
(S) Adenomas
Died 1971

Nodule It. lobe
(S) Adenoma, died 1968

Died 1966
Died 1964
Died 1965

(S) Adenomas

(S) Carcinoma (follicular)
(S) Adenomas
(S) Adenomas
Lobular gland
Nodule, died 1970
Nodule
(S) Adenoma

(S) Adenoma
(S) Adenoma
(S) Adenoma
PossibIe nodule
Nd.sle 0.5 cm, rt.
Firm area, nodule?
Small nodule, It. lobe
Large goiter, soft & movable, died 1973
Nodule 0.5 cm, It., died 1973

Nodular thyroid
Nodule, It.
Nodule, rt.
Two small nodules, rt.
Mass 5 cm, rt.

●Includes gamma dose. Method of calculationz~ is described in Section II of this report.
●*Includ~ adenomato~ lesions (without distinct capsules) and Hiirthle cell adenomas.
t This C=e Was not included in the statistics because, if it had been possible to do more autopsies, other thyroid tumors

might have been found in both exposed and unexposed people.
ttonly subjects with thyroid lesions are listed here.



42

8 years post exposure it was noted that two boys

\\’ere particularly stunted in groivth (Figure
z7),Iw1S ‘rhey had been exposed at one year of age

and gradually developed atrophy of the thyroid
gland and signs of myxcdema \\ith puffy faces,

dry skin, sluggish reflexes, and bony dysgenesis of
the humerus and femur (see Figure 28\. These two
boys (Nos. 3 and 5) were considerably shorter
than their brothers (iNos. 83 and 84) \vho were
younger and had been exposed in ut~rv. In 1965, a
satisfactory method for serum thyroxine analysis
by ion exchange column became available. Stucl-
ies by this method sho~vecl that some of the chil-
dren did indeed have low serum thyroxine levels.
Control studies on normal Marshallese revealed
that many of them had unusually high iodopro-
tein levels, leading to a false interpretation of pro-
tein-kntnd iodine (PBI)determinations. It became
apparent only then that low thyroxine (T4) levels
in some of the children had probably been masked
by high levels ofiocloprotein.18 -z3 Several children
with slight growth retardation had lowered TA
levels. The hypothyroidism appeared to be from
primary thyroid damage and not secondary to
pituitary damage, since tests for growth hormone
in several growth-retarded children \vere normal,
and their serum thyroid-stimulating hormone
(“R3H) levels were elevated.

B. DEVELOPMENT OF THYROID NODULES

In 1963,9 years after exposure, a 12-year-old
girl was found to have an asymptomatic nodule of

r 1 I I

. Rongelap
50 — o Ailingnae

40 –
•I Utirik
a cOfltId

30 –

20 -

10
,

10 11 12 13 14 15 lb 17 18 19 20

Years after exposure

Figure 29. Cumulative percentages of persons with thy-
roid lesions in exposed Rtrngelap, AiIingnae, and L’tirik
groups and in unexposed Rongelap control group since
1964, based on numbem of persons in the groups in 1964,
the time tvhen radiation-induced Icsions were first noted.

the thyroid gland. Development of thyroid abnor-

malities in other subjects continued during sub.se-

qucnt years.18-zs At present ( 1974) 29 of 86 ex-

posed people of Rongelap are affected, including
the two stunted boys who developed thyroid
atrophy withour modularity. One of 4 children ex-
posed in utero developed thyroid nodules in 1974.
Figure 29 show-s that, considering the population
remaining at risk (persons living in 1964, at the
time of appearance of the thyroid abnormalities),
the trend is for continued de~’elopment of lesions
with recent increases among the lower-exposure
Ailingnae group. Table 24 lists the thyroid status
of all exposed Rongelap people and of people \vith
positive findings in certain other populations.

The thyroid nodules were usually multiple,
\sere not tender, and varied in size from severs]
millimeters to several centimeters in diameter. In
some of the children nodular glands were associ-
ated with low thyroxine levels and slight growth
retardation. The two stunted boys (Nos. 3 and 5)
showed markedly reduced thyroxine Ievek. None
of the adults with modularity had low thyroxine
levels prior to surgical exploration. The growth re-
tardation with reduced thyroxine levels appears to
bc the result of radiation injury to the thyroid in
the children (see Section E, below).

Table 25 lists the incidence of benign and ma-
lignant lesions and the estimated dose of radiation
to the thyroid glands in the various populations.
The highest incidence of lesions (89.5%) has been
noted among those in the heavily exposed group
who were <10 years old at the time of the acci-
dent. The absence of lesions among those of corre-
sponding ages in the less exposed Utirik group and
the unexposed gYoups is notable, but 2 of 6 ex-
posed children in the Ailingnae group have re-
cently developed lesions. The incidence of thyroid
lesions among the exposed Rongelap adults is con-
siderably lower than that among the children but
higher than among the Utirik or unexposed
groups. The Utirik group does not appear to have
had a higher incidence of thyroid lesions than the
unexposed groups, but one Utirik individual de-
veloped cancer of the thyroid.

C. SURGICAL EXPLORATION

In view of the possibly malignant nature of the
thyroid nodules in the exposed population, surgi-
cal exploration of the affected thyroids, with re-
moval of nodules, was considered necessary. Thy-
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Table 25

Thyroid Lesions in hlarshollesc, December 1974

Age at Est. thyroid %Subjectsb i~ith No. subjects Z Subjectsb \\ith
Group exposure dose,’ r-ads thyroid lesions with surgery malignant lesions

Rongelap exposed ( 175 rads) <10
10-18’
>18
All

.%ilingnae exposed (69 rads) <lo
1O-I8
>18
All

In u(rr~exposed

Ltirik exposed ( 14 rads) <lo
10-18
>18
All

Rongrlap unexposed <lo
10-18
>18
All

Likiep unexposed <lo
>10
All

810-1150
335-810

335
556e

275-450
19(J
135
217’

175+?
69+?

60-95~
27-60

27
50’

89.5 (17/19)
16.6(?, 12)
9.1 (3 3’3)d

31.4 (??/’64)

33.3 (2 6)
0.0(0 1)

36.3(4/11)
33.3 (6 ’18)

33.3 (1 ‘3)
0.0(0,’1)

0.0(058)
4.8(1 ’21)
6.4 (5,’78)
3.8 (6,’1 57)

1.6(1; 61)
7.7 (1 /13)
5.8(7 /’120)
4.6 (9,’194)

0.0(0/3 1)
4.7 (5/106)
3.6 (5,1137)

15 5.3 (1/19)
1
3 6.1 (2/33)

19 4.7 (3/64)

lr

o
3
4

1
0

0
1
3
4

0
1
2
3

0
0
0

4.8 (1/21)

0.6 (1/157,1

a Dose from 1311, 1321, 1331, and 1351 PIUS gamma; mean do5e extrapolatedfrom calculations26 for adults and 3-year-okk

(we Section II).
b Based on number of people exposed, excluding those in utero(number of cases/total number in group).
CThe thyroid is considered to be fully developed by about age 18.
‘One additional case of adenoma, found at autopsy, not included here.
e\\”eighted mean dose.
f F’atholtsgists differed as to whether this lesion was malignant; it was scored as benign.
gThe more energetic,shorter-livedisotopesof iodine contributed lessto the total thyroid dose in the LJtirik people be-

cause the fallout occurred later there. It might be surmisedalso that the biological effectivenessof the thyroid dose per
rad would be less in the Utirik group.

roid sur,~ery has been carried out on 24 of the ex--,
posed Rongelap people with removal of varying
amounts of thyroid tissue depending on the extent
of the lesions (20 were subtotal and 4 total thyroid-
ectomies with parathyroidectomy inadvertently in
one of the latter who was thought to have cancer
at the time of surgery). Of these cases, 3 were
found to have carcinoma of the thyroid and 21 to
have benign lesions of the thyroid.

The first case of carcinoma of the thyroid oc-
curred in a 40-year-old woman (2!3 at the time of
exposure) in the heavily exposed group. The inter-
val between exposure and diagnosis was 11
years.t’3,z~The second and third cases in this group
occurred 15 years after exposure, in a 36-year-olcl
woman (age 21 at exposure) and in a 22-year-olcl

woman (age 6 at exposure). A fourth case of cancer
was found, 14 years after exposure, in a 36-year-old
Utirik \voman who had received considerably ks
exposure.zs Three of 196 unexposed Rongelap IXO-

ple have had surgery with removal of benign ade-
nomas. All three were women. Hospital summaries of
cases admitted at BNL are presented in Appendhx 10.

1. Gross Appearance

Since the discovery of the first thyroid lesion 9
years after radiation exposure, clinicians particu-
larly interested in the thyroid have participated in
the annual examinations. As a result, any slight
irregularities discovered by palpation drew special
attention. This high degree of scrutiny and sus-
picion led to the detection and removal of nodules
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when they were much smaller than nodules usually
encountered in general clinical practice, Few of
the lesions were visible from the exterior, and none
was accompanied by symptoms.

At the time of surgical exploration most of the
thyroids in the exposed Rongelap people were lobu-
lated and contained small discrete masses which
were not of sufficient size to cause very significant
enlargement or to distort the symmetry of the
gland.22 Most of the glands in the exposed Ronge-
lap people with only one palpable nodule proved to
have multiple nodules. Often the palpated nodule
was not the lesion that ultimately prompted the
most concern on histological examination.

The gland in some cases showed many tortuous
hair-like vessels on the surface, reminiscent of thy-
roids that had previously been treated with radio-
active iodine for hyperthyroidism. The cut surface
of the thyroids revealed some nodules which ap-
peared to be discrete with distinct capsules (Fig-
ure 30). In some instances these discrete lesions
were very firm, pale brown or whitish. In some
there were hemorrhagic or degenerative cysts. The
margins of some other nodules were indistinct,
producing a lobular character which comprised
most of the thyroid in such a manner that the en-
tire gland appeared to be responding to a dlffhse
pathologic process, not unlike the type of gland
ohsetved in chronic iodine deficiency but in mini-
ature proportions.

Figure 30. Gross serial sections of an irradiated Marshall-
ese thyroid, showing multiple discrete adenomata devel-
oping throughout both lobes of the thyroid. Scarring is
evident between these nodules.

2. Microscopic Appearance

On microscopic examination all the thyroids of
exposed Rongelap people showed varying degrees
of adenomatous change. Many of the lesions were
completely surrounded by a distinct capsule and,
unlike the remainder of the thyroid, had a distinct
histological pattern which ranged from microfol-
licular to fetal, solid, or embryonal types. Unex-
pectedly many of the adenomas were papillary
(Figure 31), but all except two of those that were
papillary were considered benign. Most of the in-
dividuals operated on later in the series \vere given
a small tracer dose of 1311so that the functional
nature of the adenomatous areas could be studied
for radioiodine uptake.az,ga Multiple auto radio-
graphs prepared from tissues from the last 15 pa-
tients have shown that essentially all the discrete
lesions took up significantly less radioiocline than
the non-nodular thyroid tissue and in many cases
took up none at all (Figure 32). Only in one indi-
vidual a single lesion, which was papillary in char-
acter, took up more radioiodine than the surround-
ing normal thyroid tissue. Although reduced radio-
iodine uptake does not necessarily indicate a ma-

lignant lesion, it is commonly observed that lesions
having a capacity to metastasize take up far less
radioiodine than the extranodular tissue (usually
the ratio is <Moo).

Most of the thyroids have been found to contain
an unusual number of minute encapsulated lesions,
some of them composed of solid cellular masses of
cells (Figure 33A, B, and D), in contrast to lesions
found in most adenomatous goiters, which are
compxed of follicular structures similar to but not
identical to normal or hyperplastic glands. On
careful gross examination of the glands, these mi -
nute lesions appeared as tiny whitish dots -1 mm
in diameter (pinhead size). The atypical ity of these
lesions and the presence of mitoses in the cells of
some of them give rise to speculation regarding
their ultimate malignant potential (Figure 34A
and B and Figure 33D), especially since several
obviously malignant lesions have been found in
this exposed population. The lesions shown are
from thyroids not harboring frankly malignant
lesions elsewhere, except the lesion in Figure 33B,
which was found in a thyroid that also had a
highly malignant lesion in a distant part.

Of the four malignant lesions found (Figure 35),
two were papillary adenocarcinomas displaying
some areas that were less well differentiated, con-



;

Figure 31. Two proliferative papillary adenomata that
were considered benign on the basis of histological exam-
ination ( x 49, subject No. 15, 1969). Other minute ade-
nomata from the same subject are shown in Figure 33A.

sisting of a solid cellular pattern. Both lesions were
accompanied by metastasis in the cervical region.
In one (Figure 35A) the cervical metastasis were
extensive although the primary lesion was rela-
tively small. A total thyroidectomy and unilateral
radical cervical iymph-node and upper anterior
and posterior mediastinal dissection were per-
formed in this case, and there has been no evi-
dence of recurrence in 5 years. The second case
(B) was also treated by total thyroidectomy and
regional lymph-node dissection. Only a single
lymph node adjacent to the thyroid contained
metastatic tumor although invasion to contiguous
blood vessels was noted. This subject has remained
free of recurrent disease for 10 years.

The third malignant lesion (C) was a follicular
adenocarcinoma which showed considerable infil-
tration of adjacent normal thyroid tissue but was
confined to the region of one superior pole and was
not accompanied by positive lymph nodes. A total
thyroidectomy with regional lymph-node dissec-
tion was done. The regional lymph nodes did not
contain metastasis. There has been no evidence of
recurrence in 5 years. The above 3 patients with
carcinoma were from Rongelap, where the expo-
sure to fallout was greatest.

The fourth carcinoma (D) was a relatively un-
differentiated adenocarcinoma -2.5 cm in diam-
eter. In many areas it was solid cellular in charac-
ter. The pleomorphic cells had breeched the cap-
sule in many places. The tumor was observed in
vascular spaces but not in lymph nodes, and no
distant metastasis could be identified. The patient
had presumably received minimal radiation expo-
sure on Utirik, an outlying island quite remote

Figure 32. A: A hktologic preparation of a lesion that
developed in an irradiated Marshallese thyroid ( x 14).
B: Autoradiograph, showing area of significant 1311up-
take to be in the “normal” extranodular tissue, in both

up~r cornem of the section, and no uptake in the neo.
plasm (diffuse stippling is background). This lesion was
not considered malignant. (Same subject as Figure 31.)



D

Figure 33. Exa[nplm of \cry minutr disclcte Irsi,ms of various histologic patterns scattered
throughout the th} r~,i[li (If tnu[lv irradiated hlarshallese. kfany of these lesions are solid cellular
or papillary; secti(~l!~ .1 ( x 15), C ( x23), and D ( x40) are from subjects (No. 15, 1969; No. 8,
1972; No. 40, 1973 I w hl~.e thyroids contained no frankly malignant lesions. Section B ( x52) is
from subject No. ??~’~, [969. Estimated doses to the thyroid (in lads) were (A) 855, (B) 31, (C)
450, and (D) 3 1’).



horn the areas of the more heavily exposed groups.
Three other subjects from this island with the same
exposure have had surgical excision of nodules
w-hich proved to be benign adenomas.

A fifth lesion that was papillary (the size of a
match head) was found in a subject from an island
w-here the exposure was intermediate (Ailingnae);
se\’eral other individuals exposed there have de-
veloped benign lesions after a latent period some-
ivhat longer than for those exposed on Rongelap.
After review of this papillary lesion by eleven pa-
thologists,* opinion is divided as to whether it
should be considered malignant (Figure 34A); w-e
have recorded it in our statistics as benign in view
of the majority opinion.

A few lesions of the thyroid fall into an uncer-
tain category in which even the most experienced

“Drs. S. }Y’arren,tV. Meiss.ner, and Xl..%. Legg, brew F.ngland

Deaconess Hospital; J.D. Reid, Cleveland hletropolitan Gen-
eral Hospital; T. JVinship (deecascd); L.B. \Voolner, Mayo
Clinic; L.V. Ackerman, SUNY at Stony Brook; R.V. Rosvoll,
Emory Univemity; and S. Robbins, .4. Vickery, and B. Casde-
man, Massachusetts General Hcspital.
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pathologists are unable to reach a firm opinion as
to a diagnosis of malignancy. Some of these lesions
ultimately proved to have been malignant as evi-
denced by a distant metastasis some years after re-
mosal of the primary lesion. It seems that a neo-
plasm must reach some significant size before it
can unequivocally satisfy the criteria for a diag-
nosis of malignancy even though smaller lesions
may have cellular characteristics that suggest
malignant capabilities. In clinical practice many
lesions are of sufficient size that the criteria for
malignancy are readily fulfilled. Among the Mar-
shallese patients most of the thyroid nodules either
were detected by palpation when scarcely 1 cm in
diameter or were found coincidentally to removal
of palpable adenoma. Many lesions showing atyp-
ical cellularity were so small that perhaps they
had not yet had an opportunity to manifest all the
usual criteria upon which a diagnosis of malig-
nancy may be based. Figures 33C and 34A show
one such minute lesion. This emphasizes the im-
portance of the early diagnosis and treatment of.
Marshallese lesions.

Figure 34. Examples of very minute neoplasms, only a few mm in diameter and completely en-
capsulated but composed of cells who= pattern suggests that if the lesions were larger they might
display features prompting a suspicion of malignancy. In bothexamples shown (A, X 162, sub-
ject No. 8, 1972; B, x 91, No. 36, 1969) evidence of blood vessel or lymphatic invasion is lack-
ing, and the capsule, which was very thin, was not breeched. The entire lesion of A ia shown in
Figure 33C, where its size can bc compared with that of surrounding normal follicles. Both these
examples are from thyroids that had no frankly malignant lesions elsewhere in them.



Figure 35. Four carcinomas of the thyroid found in Marshallese subjects. ,4: Papillary adeno-
careinoma with many cervical lymph nodes containing metastasis ( x80, subject No. 72, 1969).
B; Papillaryadenocarcinomawith a single lymph node containingme[astaticsite ( x 21, No. 64,
1965). C: Infiltrating follicular adenocarcinoma with known metastasis( x 26, No. 18, 1969).
D: Relativelyundifferentiatedfollicularadenocarcinoma( x 46, No. 2229, 1969).

.- .,. - ..- .,-,. ,.5. .:. . : D
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D. HORMONE TREATMENT

In 1965, the seriousness of the development of
thyroid lesions in the Rongelap people was recog-
nized, and a panel of experts was called together

to review the findings and make recommendations
regarding the possibility of initiating preventive
therapy. 19-23 The concensus was that the more
heavily exposed Rongelap group should be placed
on replacement thyroxine for life in order to block
TSH secretion by the pituitary gland. It was
hoped that nullifying the stimulating activity of
this hormone on the thyroid would inhibit devel-
opment of benign and malignant nodules, and
that growth and development in the hormone-
deficient children would be improved. The possi-
bility of development of pituitary tumors, which
has been noted in hypothyroid animalss5 and hu-
man beings,s6 might be prevented. Ethical con-
siderations ruled out randomized clinical trials of
therapy.

Synthetic L-thyroxine (Synthroid, Flint Drug
Co.), which might be more stable than dessicated
thyroid under tropical conditions, was recom-
mended at a dose of 0.3 mg/day for people <50
years of age and 0.2 mg/day for those >50. Treat-
ment was supervised by the health aide, but diffi-
culties in maintaining a strictly regular treatment

Figure 37. Same comparison as in Figure 36,
for subject No. 3 and hu younger brother (No. 83).

regimen soon became apparent. In an effort to
overcome this problem it was found that giving
the entire weekly dose at one time was effective
and safe, and resulted in maintenance of normal
levels of thyroxine.s7 Even on this simplified treat-
ment schedule a few of the people, including some

. .— who had undergone thyroidectomy, showed low

Figure 36, Lcfl Subjat No. 5 (shorter) and his younger

brother (No;85) in i963. Right: Same two boys in 1973
after No. 5 had been given thyroid hormone for 8 years.

thyroxine levels ~ndicati~g that they were not con-
sistently taking the medication. (This was one of
the reasons for establishing the post of resident
physician in the Islands in 1972 to monitor the
treatment program as well as offer health care.)
For 4 people on this regimen who developed above-
normal T4 levels, associated with complaints of
nervousness and palpitation, the dose was reduced.
In view of the recent appearance of thyroid nod-
ules among the Ailingnae group and in a subject
exposed in utcro, all persons exposed on the atoll
are now included in the treatment program.

The hormone therapy has unquestionably en-
hanced growth and development in the growth-
retarded Rongelap children (Figures 21, 36, and
37 show the improvement in the two most stunted
boys). However, the benefit of such treatment re-
garding development of nodularities in the thyroid
is uncertain. Of the children exposed at age <10
years in the more highly exposed Rongelap group,
only tw-o have not developed lesions. The less ex-
posed Ailingnae group, in which development of
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thyroid lesions is more recent, has not been on
treatment long enough for evaluation. The in utero

case was not placed on thyroxine treatment until
after nodules had been dctectecl. Thyroicl lesions
developed in several persons \vho \vere presltm-
ably taking their thyroid medication regularly

and who appeared to be euthyroid with normal

thyroxine levels; on the other hand, thyroid nod-

ules disappeared in tlvo cases (Nos. 53 and 40)
during thyroxine treatment (in the latter case, they
recurred and \veresurgically relnovecl).

1. Follow-up

Careful follow-up studies on the subjects who
hatl cancer, including !vhole-bcxly scans at Tripler
Army Medical Center, have shown no signs of re-
currence. h’o clear-cut evidence has been seen of
further development of nodularities in the thyroid
remnants in the benign cases. Because papillary
thyroid carcinoma progresses very slow]}, long
continued follow-up observation] is necessary.

SO deaths or acute illnesses have been associ-
ated with the thyroid abnormalities. Nlorbictity
has been related to the development of reduced
thyroid function resulting in var}ing degrees of
hypothyroidism and in one case of hypoparathy-
roidism follotving thyroiclectom y. The lack of strict
compliance with the thyroid treatment program
in the operated cases involves the potential danger
that serious hypothyroidism may develop, partic-
ularly in patients living on the outer islands and
therefore less frequently seen.

E. STUDIES OF THYROID FUNCTION*

1, Procedures

.Measurement of circulating thyroid hormone
has been an important part of the evaluation of
thyroid htnction in these surveys. During the first
10 years it was done by PBI analysis and subse-
quently by ion-exchange chromatography (thy-
roxine by column). Since 1972 evaluation of thy-

●ThyToid uptake studies were done at Rongelap in 1965 and
1971 by Dr. J.E. Rail andin 1966 and 1972 by Dr. J. Robbins. At
BSL thyroid function studies were done by Dr. FLL. .+tkins. PBI
determinations were made by the Clinical Chemistry Section at
13XLand by Bio Science Laboratories, Van Nuys, Calif., who
also did other serum iodine analyses. “r, and T3 by RI:\, and cfia-
Iyzable T4, TSH, and TBG by rrveme-flow Aectrophoresis were
anafyzed by Dr. P.R. Larsen at the Uniwmity of Pittsburgh and
more recently at the Peter Bent Brighaln Ho>pital, Boston. TG R
analysis by RI.4 was done by Drs. N1. (;crshenqurn ~nd J. Rot>-
bins, and TG analysis by t)rs, N1. [/tt[,!a J[)dJ -1. [{,i(illru.

roid function has been greatly improved by the
use of radioimmunoassay techniques for measur-
ing T4, T3 (triioclothyronine), and TM-1.88,89Stud-
ies of serum iodoproteins, which had resulted in
artifactual ele~’ations in the serum PBI in the
\larshallese, are discussed belo~v, as are more re-
cent measurements of thyroxine-binding proteins
and serum thyroglobulin.

Studies of thyroid function have also included
tests of radioiodine uptake and excretion on sev-
eral occasions. In the field these were done \vith a
somewhat primitive apparatus (Figure 38). 1321
\\”as used to minimize the dose to the thyroid. More
extensive and sophisticated tests were done on pa-
tients brought to BNL for evaluation prior to sur-
gery else~vhere. These included tests of thyroid
radioiodine uptake and scans (tech netium-99rn)
before and after TSH stimulation; determination
of basal metabolism rate, cholesterol, antithyro-
globu]in antibody levels; and a variety of clinical
chemistry tests. In a number of cases a small
amount of 1311was administered prior to surgery
and the function of excised thyroid lesions and sur-
rounding tissues was studied by autoradiography.
One 48-year-old man (No. 40) briefly developed
acute thyroiditis after TSH administration.

2. Studies of Exposed Rongelap People
With Thyroid Abnormalities

Evidence of thyroid hypofunction and reduced

reserve was seen in a few of the children prior to
surgery (Nos. 2, 20, 33, and 65) and to a greater
degree in the two boys who developed myxedema

Figure 38. Thyroid function testing
under field conditions, 1966.
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Table 26

Kinetic Analysis of 1321- Accumulation anrl Excretion in Ron~eL~p Subjects \t’ithout Thyroid Abnormality

Fraction of extrathyroicl I- prr day
Thyroid fraction,

Group Urine* S61 Thyrcrid* * Azl A*l/(A*l+A.51)

[i unexposed adults, 1965 0.81 (0.17-[ ,99} 0.79 (0.23-1.47) 0.49 (0.26-0.77)
12 E:ipod adults,1965 1.10 (0.3! -2.37) O 67 (0,33-1.27) 0.38 (0.24-0.65)
I ? People exposed at

a:e 10-?0, 1972 1.18 (0.72 -1. !9) 0.90 (0.57-2.06) 0.43 (0.19-0.58)
—.

*,~1 is [he fraction of iodide outside the thyroid excrct(d in tlm urine per dt~y.
*’,\jl is the fraction of iodide outside the thyroid Ihat rnters the thyroicl per day. Nleans anciranges given.

Table 27

Rejtllts of Follow-Up Evaltlation of Pla~rna "I}~\r[j~ineandl'S~lin ~l:lrshalJ= With Knolvn Thyroid Lmiom
(Xorrnal values: T., by RIA, 5.0 to 10.? Pgldl; ‘lSH, <1 to.; llc;n~l; abnormal ~aluesare given in boldface)

1972 1973 1974
—.— —— TBG-bhding

Subject >-o. Age at T$, TSH, T~) TSH, T4, TSH, capacity,
and sex exposure Diagnosis pg/dl pU/ml gg/dl pU/ml pg/dl pU/ml pg TJdl

I

Rorrgelap exposed
3 M 1
511 1

33 F 1
5-! 1[ 1
65 F 1

~ >1 2
17F 3
1931 3
’21F 3
i? F 3
?3 Xf 4
69 F 4
7? f’ 6
15F 7
2011 7
3611 7
61 F 8
73 F 12
18F 21
-!0 >1 29
64 F 30

Ailingrrae exposed
8F 1

53 F 8
51 F 25
43 F 32
41>1 44

In uttw exposed
83 \l 2nd tri

Utirik exposed
2208 F 35
~~]~~ 35
2?29 F 20
2221 F 54

Nfyxedema
,t

Adenomas
1,
1,
,,
1,
1,
,,
1,
*$

Car~inoma
Adenomas

!#
11
1,

Car;inoma
Adenomas
Carcinoma

Adenomas
h’odule 0.5 cm ’73; neg. ‘7!
Aclenomas

Nod~le left lobe

Adenoma~

Adenomas

Car~noma (follicul.tr )
Adenoma

——.—

6,7 <2.5
2.5 79
3.7 6.8
6.5 8.2
—

14,9 <2.5
23,2 2.0
13.4 3.4
12.6 <2.5
15,8 <2.5
2.8 81
9,8 <2.5

<1.0 460
7.7 9.2
7.0 2.7

10.0 <2.5
12.4 6.4

0.4 110
7.2 <2.5
7.6 172

7.8 2.0
—

7.1 2.6

5.6 2.7

—

—

10. I 3.1
95 ][-..

8.9
0
7.4

1.8
15.3
15,1
3.6

11.9
10.1
5.1
6.6
0

11,3
13.9
2.5
4.1

z2.7

17.8
7.8

10.6

12.1
7.4
6,3
4.6
4.5

6.7

5,1
5.0
5.9
~g

376

>120

32
—

62

149

59

4.9
<5.0

<5.0
<2.5

<5.0

2.7
3.6

10.1

1.7

13.8
6.9

1~,8

17.4
7.8

11!1
<0.4

9.8
8.9
1.3
4.6

23
10.9
7.8
9.0

14.0
9.4
6.9
4.6
6.0

7.0
4.4
5.5
3.6

13
1.7

32

118

<;.0
<1.0

1.1
<1.0

6.3
11

116
<1.0
<1.0

15
2.8

<:$
2.6
1.2

<1.0

<1.0

3.9
1.7
4.4

7.0

<1.0
9.8
1.4

54

20.4

26.2

17.4

45.5
25.3

13.3

12.9

16.3
20.1
35.7
15.6

!1

1
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I with marked growth retardation (Nos. 3 and 5). 21 Rongelap subjects, of whom 9 were unexposed

TA levels before surgery were lowet in subjects ex- and 12 were exposed as adults.ls The data are
posed in childhood than in unexposed controls. summarized in Table 26. Compared with North

Subjects exposed as adults who developed either American normal values obtained in 19651s
I benign or malignant thyroid lesions did not show (urine, &l=2; thyroid, ~zl = 1; thyroid fraction

notable impairment of thyroid function. The =0.33), both the exposed and unexposed hfar-
serum iodine levels of exposed and unexposed shallese showed slow urine and thyroid transfer
people for the past 15 years are given in Appendix 8. rates of extrathyroid iodide but a high thyroid frac-

In 1965, the rates of urine and thyroid accunlu- tion. Similar studies done in 1972 on 12 Ronge-

Iation of 1321were measured over a 4-hr period in lapese without detectable thyroid abnormalities,

Table 28

Thyroid Status of Exposed Rongelap Subjects ~t’ithout Recognized Thyroid Lesions, 1974

Plasma T4, pg/dl
Subject No.

‘r f3G-
Age Plasma TSH,*” binding capacity,

and sex (1974) Pre-TSH 24 hr post-TSH Increment* pU/ml ,ug T,/d]

4M
6M
7M
9M

10 M
12 F
16 M
24 F
34 F
35 M
37 M
39 F
41 M
48 F
51 F
66 F
68M
70 F
73 M
76 M
78 F
80M
81 F
82 M
83 M
85 M

lF
llM
14 F
22 F
27 M
44 M
58 F
63 F
67 F
71 F
32 M
47 M

58 -
21
56
42
44
38
59
33
65
33
40
35
64
26
45
52
64
35
38
31
57
66
28
70
20
20
74
70
45
37
36
24
79
56
34
48
24
28

6.9
6.8
4.7
4.5
9.2
6.5
6.4
8.2
7.1
5.9
4.6
8.3
6.0
7.2
6.9
7.0
8.9
7.9
7.8
5.4
6.3
8.1
5.8
5.8
6.2
7.8
5.1
6.8
6.7
3.5
73
5.8
8.2
8.2
7.4
4.2
7-5
8.4

7.8
8.3
5.3
5.3

12.8
8.7
8.3

12.1
10.6
7.8
6.6

11.5
9.4

12.2
9.1
9.4

10.4
11.8
12.0

7.0
7.1
9.1
7.8
6.7
8.6

11.4

0.9
15
0.6
0.8
3.6
2.2
1.9
3.9
3.5
1.9
2.0
3.2
3.4
5.0
2.2
2.4
1.6
3.9
4.2
1.6
0.8
1.0
2.0
0.9
2.4
3.6

Mean & S.D. 6.6&l.7 2.35& 1.2

7.0
3.9
2.1 18.5
4.5 9.1

<1.0
4.4
5.3 14.4
4.4
6.3
3.1 16.7
2.6 21.7
5.1
4.4 18.4
3.2
3.9
3.1
6.0
1.5

2.3
4.7
8.8
3.0
3.4
3.8
7.0
2.3
1.4
3.9
3.0
2.7
2.7
4.2
5.3
6.3
2.7

10,3
<1.0

7.0

18.6
255

21.2

●Normal in 13 Pittsburgh subjects: 4.7& 1.0 pg/dl.ss ●*Mexured in pre.TSH samples. Normal is <~ PU/n~l.



who had been exposed at age 10 to 20 years, gave
results similar to those obtained in 1965. Thus
the Rongelapese do not show a trend to~vard de-
creasing thyroid iodine uptake as do North .-lmer-
icans (attributed to increased dietary iodine in-
take).go The main purpose of the later study, how-
ever, was to see whether the exposed individuals
in the intermediate age group might be develop-
ing thyroid failure despite the absence of thyroid
nodules; its results indicated no evidence for this.
(However, as discussed below, some exposed Ron-
gelap people without thyroid abnormalities are
now showing evidence of reduced function on the
basis of response to TSH stimulation.)

Radioimmunoassays (RIA) for T4 and TSH
have been carried out since 1972 on the exposed
Rongelap group and on other people who have
had thyroid surgery. The results on subjects with
known thyroid lesions are presented in Table 27.
Of the 32 subjects tested, 17 or 5370 had at least
one TSH level above the upper limits of normal
(these are in boldface in Table 27). These findings
indicate that the residual thyroid tissue is inade-
quate to sustain euthyroidism in these cases and
also reflect inadequate adherence to the pre.
scribed TA replacement regimen. Inadequate TA
replacement is apparently a chronic problem for
certain patients (Nos. 5, 23, 33, 65, and 72). Ele-
vations of plasma TSH have been observed also
in a number of exposed people without known
thyroid lesions (the TSH concentration was >10
pU/ml only in subjects No. 71 and 74- see Table
28 and Appendix 8). Presumably these subjects,
as well as several others with plasma TS H con-
centration >5 but <10 pU/ml (Nos. 4, 16, 34,
47, 68, and 78), are not receiving the TA therapy
as regularly as had been hoped. In the Rongelap
control group plasma Tq concentrations were de-
termined in 109 subjects. In those with T4 <5 pg/
dl (6% of those tested) TSH was determined; no
elevated levels were found (data not shown). Only
1 of 99 Utirik subjects tested has had an elevated
serum TSH level (No. 2232).

These normal findings in the unexposed and
Utirik groups suggest that in the irradiated Ron-
gelap group there is impaired thyroid function
without palpable lesions which could become
symptomatic in the future. The test results prob-
ably lead to underestimation of the true incidence
of impaired thyroid function, since presumably
many of the patients are taking the medication as
directed. It should be noted that it is the personal
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experience of many of the thyroidologists involved
in this study that it is extremely difficult to make
a clinical diagnosis of hypothyroidism in this pop-
ulation. This difficulty emphasizes the importance
of the plasma TSH measurement, which is now
recognized as the most sensitive indicator of pri-
mary thyroid dysfunction. The status of thyroid
function in exposed people without apparent thy-
roid lesions was further tested with exogenous TSH
in 1974, as described below.

3. Thyroid Status of Exposed Rongelap People
Without Apparent Thyroid Lesions

In preparation for TSH testing of reserve thy-
roid function, prophylactic T4 medication was dis-
continued for 2 months before the 1974 survey in

all exposed subjects without recognized lesions.
During the survey, plasma samples were obtained
before and 24 hr after intramuscular injection of
10 units of bovine TSH (Thyrotropar, Armour).
Both sets were analyzed for T4 and the first set
also for TSH. The results, and thyroxine-binding
globulin-binding capacities (TBG-binding capaci-
ties) in some cases, are given in Table 28. The mean
increment in plasma TA following TSH was 2.35&
1.2 pg/dl (mean & S.D.). The mean TA prior to
TSH injection was 6.6A 1.7 pg/dl. Similar testsss
on 13 subjects at the University of Pittsburgh
showed a mean increment in plasma TA of4.7&
1.0 pg/dl, and a baseline plasma T4 of 7.3 #g/all
which is not significantly different from that of the
exposed Rongelap group being tested. Thus, the
TA response to TSH is significantly less (P< O.001)
in this group of 26 exposed Rongelap subjects than
in the group of 13 subjects from the United States.
Because of the possibility that the smaller incre-
ment in plasma T4 24 hr after TSH in the exposed
subjects was due to factors other than decreased
thyroidal reserve, TSH stimulation tests were
done on 10 euthyroid unexposed Rongelap and
Utirik people during a subsequent survey. The
mean initial plasma TA in this group was 6.O& 1.7
pg/dl; and the mean increment 24 hr after TSH
injection was 4.2* 1.3 pg/dl, significantly greater
(P< O.001) than in the exposed subjects.

These results and the finding of elevated plasma
TSH levels suggest that there is underlying, clini-
cally inapparent, thyroid damage in the exposed
Rongelap population. While it is conceivable that
the TA replacement program may have led to de-
creased thyroid reserve, the test results indicate a
need for continued close follow-up of the exposed
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population. The findings also support the program
of thyroxine replacement in the exposed Rongelap
population to prevent both clinical hypoth}Toid-
ism and the associated rise in plasma TSH, which
may be tumorigenic.

4. Thyroid Function in the Utirik and

Unexposed Rongelap Groups

During the 1973 survey, Ti and TSH concen-
trations were measured in plasma from 109 unex-
posed Rongelap and 97 exposed Utiri!i subjects
(see Table 29). The mean T4 in the unexposed
Rongelap group, 7.7 pg/dl, was the same as in
the United States, and, as in the United States,
the plasma T4 concentrations were skewed to the
upper range. In the Utirik group, the mean Tq

——

Table 29

Plasma Thyroxine Concentrations (Ylean & S.D,)
in Utirik and Unexposed Rongelap Populations,

March 1973

Subjects Subjects
Plasma T4, with value with value

Group pg/dl <5.0 >11.3

I 109 Rongelap
unexposed 7.7k2.O 6% 6%

97 Utirik
exposed 6.0*1.8* 32~o** 6’%

*Significantly different, p< O.001.
●*6~0 had values <3.8.

Table 30

Thyroxine-Binding Globulin (TBG) Levels
(hlean A SD.) in Serum, 1973

TBG-bindirtg
TBG by RIA capacity

Group n mg/dl n pg T4/dl

Rongelap
Exposed 12 1.4530.54 14 21.55 6.9
Unexposed 13 1.82*1.22 11 25.35z 15,7
All sera 25 1.6430.95 25 23.l&ll.5
All sera* 22 1,3-l&o.45 21 19.15 6.2

Utirik
All sera ~~ 1.4050.42 31 18.95 7.8
All sera* 22 1.40&0.42 27 16.45 4.3

*Omitting sera with TBG>3 or TBC-binding capacity
>30.

Statistical colnparisons revealecl no significant differ-
ence ( p> O.05) between any oft he groups.

—

was significantly !ower (6.05 1.8 pg/dl). The fre-
quency distribution calculations (see Table 29 and
Figure 39) indicate that a substantial portion of
the Utirik population has plasma Tq concentra-
tion <5 pg/dl. Measurements of plasma tri-
iodothyronine (not shown) showed similar reduc-
tions in those patients with low T4 values. Plasma

I I i I I
= ---m Utirik

~ Rongelap
March 1973

R
,’:
t;

1’ \

:
:
:
:
:
:
;
:
:
:
:

;
f’

18
t’

2.5 5.0 7.5 10,0 12.5
Plasma thyroxine (pg/100 ml)

Figure 39. Percentages of people in Utirik and in Ronge-
Iap unexposed groups having given thyroxine levels, 1973.
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Figure 40. Thyroxine-binding globulin levels
in serum and TBG-binding capacity, 1973.
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TSH concentrations were normal. For this reason, methods were used: TBG was measured by radio-
TBG-binding capacities were determined in a immunoassay (M.C. Get-shengorn and J. Robbin-s,
number of subjects with abnormal T4 values. unpublished observations, 1974) and TBG-bind-

T13G analyses were done on scra from 56 sub- in,gcapacity by reverse- flolv paper electrophoresis.

jects (25 Rongelap and 31 Utirik) selected as rep- The results were comparable since the mean ratio
resentative of three groups: people \vith low, nor- of TBG-binding capacity (pg T4/dl) to TBG
ma], or high plasma T4 concentrations. Two (mg/dl) was 13.9. On the basis of one mole T4

Table 31

Total and Free Thyroxine, Thyroxine- Bindiog Globulin, and Thyrotropin Levels in hlarshallese

Subject No. TBG, pg/cll T,, pg,’dl DFT4 X 10+ Free T4, ng/dl TSH, /.IU/rnl

Subjects with TBG-bind capacity <11 pg T~/dl
827 7.6(1.06)* 5.1
917 7.0 (1.20) 4.4
98 I 8.0 (0.69) 4.4

2115 7.7 4.4
2126 9.1 4,9
2144 7.0 4.0
2174 7.1 4.1
2193 11.1 (1.03) 4.8
2220 13.7 3.2
2248 11.9 (0.94) 3,8
2185 4.6

Mean 9.02 4.34

S.D. &2.39 50.543

Subjects with TBG-binding capacit y 14 to 26 pg T.Jdl
850 14.0 ( 1.04) , 4.6

2135 15.5 6.1
2137 19.9 (1.37) 9.2
2212 ~(),1 - 5.0
2206 17.7 7.4
2182 14.4 5.0
2218 14.3 3.0
z~~l 15.6 4.8
223? 16.2 (1.54) 4.8
2257 17.3 8.8
2168 14.1 4.2
2136 15.5 (1.06) 7.7
2230 21.9(1.28) 6.1

Mean 16.65 5.9

S.D. *2.58 ?1.87

Subjects with TBG-bincling capacity >26 ,ug T4/cll
2138 37.0 (1.52) 9.0
2’229 35.7 5.9

&J1 56.1 (4.56) 12.9
911 47.6 (3,92) 13.6

2217 32.8 7.0
2z5~ 51.8 18.’2

hfean 43.5 I 1.();

S.D. &9.62 :’-163

3.37
3,53
3.24
3.~1
3,~o

3.76
4.23
323

3.12
2.94
~,80

3.33

30.40

3.08
2.94
2.90
1.84
2.77
2,92

3.04
2.68
2.42
2.9-t
2.72
2.15
1.45

2.60

50.503

~,ol

1.53
1.22
0.872
1.88
0.991

1.42

AO.468

1.72
1.55
1.43
1.41
1.57
1.50
1.73
1.55
0.998
1.1P

1.29

1.44

AO.230

1.42
1.79
2.67
0,92
2.05
1.46
0,912
1.29
1.16
2.57
1.14
1.66
0.885

1.53

*(), j97

3.1
2.3

<1.0
<5.0

<2.5
<1.0

4.2
3.6

<2.5

2.6
2.1
2.6

<2.5

<;:;
3.6

<5.0
6.0
2.0

<2.5
2.1
4.9

1.81
0.903
1.54
1.19
1,3?
1.80

1.43

50.358

2.4
10.8
2.1
—

2.7
4.4

*lBG by RI.+, mgl’ml.

I
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bound per mole TBG, the expected ratio is 777000
pg/57000 mg = 13.6. The results of these analyses
are summarized in Table 30 and Figure 40. There
was no significant difference in TBG between the
Rongelap and Utirik groups or between the ex-
posed and unexposed Rongelap groups. Eight sub-
jects had high TBG levels. These \vere all females,
and five were known to be pregnant, a condition
that can elevate the serum TBG.

The results of these analyses pro~’icle no expla-
nation for the difference in serum T~ concentra-

tions between the larger groups of Rongelap and

Utirik subjects; however, these results are based
on highly selected sampling and therefore are not
representative of the island groups as a whole. Ex-
amination of individual Utirik and Rongelap
plasmas suggested that low T4 concentrations
were associated with relatively low TBG values.
To study the interrelationship of TA binding and
TBG levels in greater detail, the dialyzable frac-
tions of TA (DFT4) were determined in a number
of plasma samples with low, normal, or elevated
TBG-bindirtg capacities. The results are presented
in Table 31. In subjects with low TBG, the mean
DFT4 was greater than in subjects with normal or
elevated TBG. The absolute free T4 was not dif-
ferent in the three groups, which indicated that
the abnormal T4 levels among these subjects re-
flect alterations in plasma hormone binding rather
than in thyroxine production rates. Since virtually
all the subjects with low plasma TA concentrations
in the larger Utirik and Rongelap groups had nor-
mal plasma TSH, we would expect a more syste-
matic study of TBG levels by RIA to show a

higher frequency of low TBG levels in the Utirik
group. Such a study is currently in progress.

F, IODOPROTEIN STUDIES

Analyses for protein-bound iodine in scra of
Marshallese people revealed. a level significantly
higher than that seen in North America.la,20 Sub-
sequent studies showed that this elevation could be
attributed to an increase in the iodoprotein frac-
tion and indicated that this was responsible for in-
correct evaluation of thyroid function during the
early years of the surveys. This unusual finding
prompted us to determine serum iodoprotein levels
in several other Pacific Islands groups (see Table
32). Except for a group of Americans living on
Kwajalein Atoll, these groups also exhibited high
serum levels of iodoprotein. The Maui group was
comprised of persons of almost pure Hawaiian an-
cestry, some of whom ate seaweed in large quan-
tity, but the iodoprotein level did not correlate
with this dietary intake. In the Rongelap popula-
tion, it is of interest that the iodoprotein level re-
mained high in two athyreotic boys; after subtotal
thyroidectomy; and during thyroid suppression by
thyroxine administration.zo This strongly implies
an extrathyroidal (endogenous) or a dietary (exog-
enous) source for the iodoprotein. The cause of
the elevation, however, has not been ascertained.
One possibility is that it is produced in poly-
morphonuclear leukocytes. These cells are known
to organify iodine during phagccytosis.gl Although
the Marshallese do not have unusually high Ieu-,
kocyte counts, they do have a mild eosinophilia

Table 32

Serum Iodoprotein Levels (pg %) in Pacific Island Populations and in Americans

Group No. in group Total I T, I Iodoprotein

Rongelap exposd
No thyroid nodules io 7.2&2.4 4.OA 1.0 2.551.1
Thyroid atrophy 2 2.8&0.4 1,250.5 1.3*0.O

Thyroid ncdulcs, pre-op 7 8.3*3.6 36A1.1 4.2*3.9
Afier partial thyroideetomy 9 5.531.1 4.4? 1.8 2.652.0
After total thyroidcctomy 3 6.O&l.l 26&o.I 2.9&l.2

Ailingnae 4 7.8?1.2 3.720.8 3.3&l.7

Utirik 5 16.1 *8.9 3.8+0.8 3.331.7
Rongelap unexposed 24 8.7?2.8 4.o&l.o 4.6?3.5
Kapingamarangi 23 11.5&3.o 6.222.6 3.OtO.6
Pingalap 27 8.4?2.0 3.6&0.6
Hana (Maui)

3.3&l.9
13 6.7? 1.3 4.131.1 2.2k0.8

Americans: Kwajalein 12 6.6A1.3 3,9&l.1 1.9*0.5

Us. 9 6.4? 1.3 4.1*0.5 1.131,0
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Figure 41. Percentages of people in various groups having
given levels of thyroglobulin (by RIA), 1973.

and a high incidence of parasitic infections. A pre-
liminary examination of North Americans with
abnormal leukocyte counts, however, dld not show
a correlation between Ieukocytosis and iodopro-
tein level. Further studies on this are indicated.
The chemical nature of th~ iodoprotein is also un-
known. By analogy with findings in various thy-
roid diseases,gz the iodoprotein is likely to be com-
prised mainly of iodoalbumin arising from the
iodination of serum proteins.

It is now recognized, however, that thyroglob-
ulin (TG) is a minor component of normal plasma.
At a reported concentration of 5.150.49 (S. E.M.)
rig/ml (range <1.6 to 20.7) in normal North
Americans,gs and assuming an iodine content of
0.5%, this would be equivalent to an iodoprotein
iodine level of 2.6&0.25 ng/dl. Although it seems
unlikely, a priori”,that circulating thyroglobulin in
the LMarshalhse could be elevated enough to give
an iodoprotein level of 3 to 4 pg/dl (i.e., >500 pg
TG/dl), the psibility was investigated by radioim-
munoassay measurements (M. IZUMI, J. BAULtEU,

SD J. ROBBI~S, unpublished observations, 1974;

see Figure 41). The assay could detect TG levels
>5 rig/ml; levels >40 rig/ml were not quantitated.

In the Rongelap and Utirik groups without thy-
roid lesions (47 and 25 subjects respectively), > 80?Z0
of the values were within the U.S. range, and no
correlation was seen between elevated serum iodo-
protein and abnormal TG levels. A few members

<1 I
Basal 8 hr 24 hr basal 8hr 24 hr

Post TSH

Figure 42. Effect of TSH administration on thyroglobulin
levels, 1973. ❑ , Persons with thyroid lesions (Rongelap
plus Utirik); ●, without lesions (Rongelap).

of each group, including the U.S. normal group,
had TG values >30 rig/ml, but the significance of
this is uncertain. Of 24 subjects with elevated serum
iodoprotein, only 1 had serum TG >30 ng/dl.

A striking tiding (Figure 41) was that in the
Rongelap plus Utirik group with thyroid lesions
(36 people) almost 50% of the levels were <5
rig/ml, a much higher percentage than in the other
groups. Most of these people had had prior thy-
roid surgery or were athyreotic, and it is presumed
that they had insufficient thyroid tissue for normal
TG production. Furthermore, T4 suppression ther-
apy may have contributed to the low TG levels in
the Rongelap people.

TG was also measured before and after TSH
injection in 10 Rongelap plus Utirik subjects with
thyroid lesions and in 20 Rongelapese with none
(Figure 42). In every case, TSH resulted in a rise
in TG level, and there was no apparent difference
between the two groups.

The unusually high level of iodoprotein in the
Marshallese people is intriguing, and further stud-
ies are in progress, with 1291used as the tracer, in
an attempt to identify the protein. *

G. CORRELATION OF THYROID ABNORMALITIES
WITH RADIATION EXPOSURE

Statistics on the incidence of thyroid abnormal-
ities in people living on the Marshall Islands are

● Miss R,F. Straub, BNL, is doing the chemical analyses
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not very reliable. From our surveys of the unex-
posed people of Rongelap and Likiep (a nearby

atoll not exposed to fallout), the incidence appears
to be about 5%, mostly present in older age groups
(see Figure 29 and Table 25). \\rehave seen a few
cases ofhyperthyroidism and myxedema at the
Nlajuro Hospital, but no statistics are available.
Two cases of thyroid cancer are reported from
hospital admissions for a 10-year period ( 1952-
1962) for the hiarshall Islands, the population
vaq-ing betlveen 15,000 and 20,000 during that
period. This has been estimated by Trust Terri-
tory medical personnel to be about half the actual
number of cases (therefore 8 cases per 20,000
people per 20 years was used for statistical com-
parisons).

Data on iodine intake and excretion in the
Marshallese (tabulated below and presented in
detail in Appendix 9) indicate that iodine-defi-
ciency goiter ~vould not be expected in this
population.

Sample Iodine, av. pg/day (range)

28 Urines (1965) 105(19-279)
19 Urines (1974)” 127 (25-266)
7 Diets (1974)” 70 (48- 152)

The urinary iodine excretion is somewhat lower

than the U.S. mean of 190 pg/day ( 18-483) in

1941.94 On the basis of the few diets analyzed, the

daily iodine intake seems to be within the recom-

mended range of 50 to 75 pg.gs These iodine levels
are somewhat lower than would be expected in an
oceanic population but are much higher than seen
in areas of endemic goiter.g GThe Marshallese diet
contains no know goitrogens, and diffuse goiters
(typical of endemic goiter) have not been observed.

The high incidence of both benign and malig-
nant thyroid nodules in the exposed Rongelap
people appears to be clearly related to radiation
exposure with a large component due to radio-
iodine in the fallout. Numerous studies on animals
have shown that thyroid neoplasia follows expo-
sure both to x-irradiation and to radioiodines.9T-gg
Such tumors may be benign or malignant and ap-
pear to be dose-dependent to some degree. The
incidence of thyroid tumors is increased in Jap-

I anese atom bo’mb survivors 1°0-103 (Figure-4 ~).
There is a considerable amount of data showing

I

that children who were given radiation to the head
and neck region for treatment of thymic hyper-

●The iodine analyses were done by kl.T. Kinsley and D, F’.
Leahy at BXL,

o-9 10-99 100 + rad
T65 dose

Figure 43. Prevalence of diseases of the thvroid. fifth eK-,.
a~ination cycle, by radiation dose and city for females

age O to 19 at time of bomb. (From BdskY et al.lo~)

trophy, acne, and fungus of the scalp have an in-
creased incidence of both benign and malignant

thyroid lesions in later years.lo~-llz Reports of
tumorigenic effects of radioiodine in man are more
limited. Sheline et al.,lls in their follow-up study
of 250 patients treated for hyperthyroiclism, re-
ported 8 having nodular goiter, of whom 6 had
been irradiated at age <20 and 4 at age <10.
Llore recently a number of cancers of the thyroid
have been reported in patients previously treated
with radioiodine for hyperthyroidism .llq-llb The
number of such cases reported is, however, lower
than might be expected on the basis of the wides-
pread use of 1s11, perhaps because the cells are
more likely to undergo lethal damage.117-1~~

In the more heavily exposed Rongelap group
the adult thyroids received a dose (335 rads) about
t}vice that to the whole body and those of small
children (700 to 1400 rads) about 8 times that to
the whole body. On the basis of the incidence of
benign nodules in the unexposed Marshall Islands
populations examined, about 3 to 4 cases would be
expected during the 20 years in the Rongelap ex-
posed group, whereas 24 occurred. In the Utirik
group about 6 would be expected, and 6 occurred.
Regarding cancer of the thyroid, on the basis of
Maishall Islands statistics, about 0.033 cases would
be expected in the Rongelap group over the 20-
year period, whereas 3 occurred. In the Utirik
population about 0.06 cases would be expected,
and 1 occurred; in view of the low dose of radia-
tion it is unlikely that this case is radiation induced.

Tables 33 and 34 show the incidence and the
risk per rad in the Marshallese compared \\.i[h
that in other populations for both benign and ma-
lignant thyroid neoplasms. Data on benign thy-
roid modularity are scarce, but the incidence in

i

!
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\Iarshallese children appears similar, on a risk per dence of thyroid lesions and the estimated dose to

racl basis, to that iu the x-rayed children studied the gland. On the basis of the incidence per rad in
by Hempelmann. ~07,109Risk for thyroid cancer in the high exposure Rongelap children, about 2
the Rongelap people is also similar to that re- children Ivith aclenomas would be expected in the
ported for other populations. Ailingnae group, where 2 were noted, and 4 in the

The data in Table 25 indicate that at the dose Utirik group, where none was found. The lo\\er
levels involved there is a correlation bet~veen inci- effectiveness per rad in the Utirik children may be

Table W

Percent Incidence of Thyroid Lesions (20 Yr-am C)bservation)

Age at exposure

<lOyr >loyr

Group Benign Cancer Benign Cancer

Rongelap
.~ilingnae
Rongelap & Ailingnae
Utirik
X-rayed children (17 yr)1°7
X-rayed children, low dose (17 yr)107

kfarshallese controls
lVorld\vide av.los
United States1°7

84.2 5.3 11.1 4.4
33.3 0.0 33.3 0.0
76.0 4.0 15.8 3.5
0.0 0.0 5.1 1.0

28.0 4.3
3.0 0.13

1.0 1.8 x 10-5 (all ages) 5.4 1.8 X 10-S (all ages)
2.5 X 10-5 (all ages) 2.5 x 10-5 (all ages)

0.36-1.7 0.5-1.6

Table 34

Risk* of Radiation-Induced Thyroid Lesions (Cases per 106 man-years per rad)

Age at exposure

<loyr >loyr

Group (years follow-up) Dose range, rads (type) Benign Cancer Dose range, rack Benign Cancer

Rongelap (20) 710-1150 (Ip,y) 41.9 2.6 379 10.5 7.0
Ailingnae (20) 280- 450 (1/?, y) 43.6 0 135-190 151.1 0
Rongelap & .%lingnae (20) 280-1150 (1~, y) 42.1 2.3 327 22.5 6.4
Utirik (20) 60- 95 (1~, y) o 0 31 89.2 17.8

Rochester ( 17)107 335 (av.) (x rays) 64.0 5.5
.-inn Arbor (17)107 20 (av.) (x rays) 24.0 2.2
Beach & Dolphin (20)1~ (x rays) 1.7
UNSCEAR ( 17)124 100-300 (x rays) 0.5-15
ABCC (20)101 20-1000 (y, n) 1.3 (all ages)
ABCC (20)101 <20 (y, n) 0.2 (all ages)

*Risk is calculated from the equation
No. of cases x 106

Risk =
dose x years at risk ‘

or, alternatively,

Risk =
No. of cases x 106

No. of subjects X mean dose X mean No. of years at risk”

Both equations give almost identical results for the \farshallese because of the uniformity of the data. No correction
has been made for expected number of cases because the expectation among unexposed subjects is too low to affect the
results (see Table 33).
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F@re 44. Incidence of benign thyroid nodules

partly related to the smaller contribution to the
dose from short-lived isotopes of iodine. Neverthe-
less the Ann Arbor children in Hempelmann’s
study 107had an increased incidence of thyroid tu-
mors following a mean dose of only 30 rads to the
gland (Figure 44), and more recently Modan et
al.llo and Harley et al.111 have reported an in-
creased incidence of thyroid tumors in children
who had received about 6.5 rads to the thyroid
gland during x-ray treatment of the scalp for fun-
gus infection. Modan et al. state that “one would

strongly suspect a mini-epidemic of thyroid ade-
noma” in the group studied. In considering the
risk data of Hempelmann’s and Modan’s groups,
the large element ofJewish people (who have in-
creased susceptibility to thyroid tumors) shou Id
be kept in mind. Also, Hempelmann’s were irradi-
ated as infhnts and therefore represent only a nar-
row age range.

1. Latent Period

In Figure 45 the development of thyroid abnor-
malities is plotted according to radiation dose and
time after exposure; the latent period appears to
be longer with lower doses. Figures 46 and 47 show
the relationship between dose and age at devel-
opment of thyroid lesions. These data indicate that
the radiation-induced lesions occur at earlier ages
in the exposed Rongelap people than in the Utirik
or unexposed groups. In the latter groups almost
all the thyroid nodularities develop in the older
people. Recent data of Hempelmann et al. 109in-
dicate that the latent period may be >30 years for

, [ , r r r 1 , I , ! , i

.-.

. . .
~ 1000- . .
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Figure 45. Time of appearance of thyroid lesions in
Marshallese. Exposed at age <10: 0, benign; ~, malig-
nant, Exposed at age >10: ., benign; k , malignant.

development of radiation-induced thyroid tumors.
Thyroid cancer has been reported as long as 40
years after radiation exposure.lz~

Correlation with sex showed that slightly more
exposed Rongelap females (18 of 45) developed
thyroid lesions than did males (11 of41 ). .%11three
cases of cancer of the thyroid were in females.

The thyroid gland is generally thought to be
more sensitive to radiation during childhood. l?”,lzl
Pochinlls estimates a percent incidence per 100
rads of 0.5 to 1.0 for adults and 1.3 for children.
Certainly the largest number of benign lesions oc-
curred in the Marshallese children. This is prob-
ably due mainly to the smaller size of the thyroid
glands resulting in larger dose-s per gram of gland.
Doniach12° theorizes that thyroid tumom are pro-
duced by an initiating factor (radiation) plus a
promoting factor (TSH) which increases mitosis
and enhances the expression of a possible malig-
nant clone. In addition, in children the growth
factor may be important, since at maturity the thy-
roid weighs about 20 times as much as at birth.
These factors would increase the chances for n~a-
Iignant transformation. The lower incidence of
cancer of the thyroid in children than in adults
may be related tc the lack of dose dependence of
the carcinogenic effect of radiation at high doses.
Several investigators have shown that high doses
of radiation (both x rays and radioiodine) are as-
sociated with a lower incidence of thyroid malig-
nancy than lower doses, possibly because the high
doses produce enough cell destruction to preclude
malignant transformation .85,120,121*126,*27This
may be the case with Marshallese children. It has
been noted that following treatment of hyperthy-
roidism with large doses of radioiodine, although
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hypothyroidism develops, the cases of thyroid can-
cer are fewer than expected.lzo~lzl? 128,129The devel-
opment, in the two stunted Marshallese boys, of
thyroid atrophy with hypothyroidism but without
the development of tumors is in line with this rea-
soning. Offsetting, somewhat, the greater incidence
of thyroid cancer in children is the finding that chil-
dren survive longer than older people, even with
the well differentiated types.130

The possible effects of the stress of puberty in
the development of thyroid lesions have been pre-
~iously noted.zs The stress of frequent pregnan-
cies, which had occurred before the development
of malignant lesions in the three Rongelap women,
may have been a factor in development of neo-
plasia. Both these correlations, however, may be
fortuitous.

2. Comparison of Thyroid Neoplasias From

X-Ray Radiation and Radioiodine Irradiation

The data in Tables 33 and 34 show that the risk
per rad for the development of thyroid neoplasm
in the Marshallese was quite similar to that in
populations exposed to x-irradiation. The data in
Figure 44 indicate a linear relationship between
modularity in the Marshallese children, who re-
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Figure 47. Relationship of thyroid dose to age when le-
sions develop in Marshallese. ●, Benign; A, malignant.

ceived their dose largely from radioiodines, and
the groups receiving x-irradiation. These data are
not extensive enough to show possible threshold
effects. Since in animal experiments 1311 is only
about Mo to 1/15as effective as x-irradiation in pro-
ducing thyroid tumors,ss~lzo)lzg~lao why do the
h4ars~a11esedata indicate near equalit y of effect?
It is estimated that thousands of children have re-
ceived diagt-mstic 1311(20 to 50 pCi) in the past re-
sulting in thyroid doses up to hundreds of rads,
yet only 1 case with thyroid tumors has been re-
ported.131~lsz U.S. Public Health Service worke~
recently reviewed a large number of case histories
of people who had received radioiodines for treat-
ment of hyperthyroidism.lzz They were unable to
show any clear-cut increase in incidence of thyroid
tumors in this group compared with a group
treated by surgical thyroidectomy. Increasing
numbers of the patients treated with 1311 devel-
oped varying degrees of hypothyroidism in later
years. The low incidence of tumors following such
treatment may be related to the high doses of
radiation given to the thyroid, sufficient to destroy
its regenerative capacity.

It should be noted, however, that in the past
few years a number of thyroid malignancies have
been reported following radioiodine therapy for
hyperthyroidism.114 -llG The number of cases re-
ported is lower than expected on the basis of dos-
age to the thyroid. The increased tumorigenesis in
the Marshallese maybe related to the nature of the
radiation, more than half the dose being due to
short-lived isotopes of iodine (particularly 1321,
103I, and 1351),which are more energetic (see Ap-
pendix 9C). Vasilenko and Klassovskiilas have
demonstrated that when these shorter-lived iso-
topes of iodine are combined with 1311the tumori-



genie effect in rats and dogs is equal on a rad basis
to that of x rays. Walinder et al. have reported
similar findings.l~q’135 Dunning,lsG in estimating
thyroid dose from absorption of radioiodines in
fallout, considers the shortm-li~’ed isotopes to be 4
times as energetic as 1311.The more energetic beta
radiation with a higher dose rate and longer range
gives a more uniform tissue distribution of radia-
tion than is produced by 1311.This might explain
why the incidence of thyroid lesions in the children
receiving 1000 rads falls on a line corresponding to
1000 rads ofx-radiation (Figure 44), or it might
indicate that the radioiodine exposure was about
10 time as effective as 1311alone would have been
(see ColelaT). Thus the t~vo boys with atrophy of
the thyroid may have had closes to the gland com-

parable with 4000 to 6000 rads or more of x-
irradiation.

3. The Development of Thyroid Abnormalities

From In LMero Exposure

The development of thyroid adenomas in one
of the Marshallese boys exposed in utero is of in-
terest. Four children were exposed in utero: in the
higher radiation group, one at the end of the sec-
ond trimester and two at the end of the first tri-
mester; in the lower dose Rongelap group, one at
the end of the second trimester. Only the boy
in the higher dose group and exposed in the second
trimester has developed thyroid lesions. Several
cases have been reported of children who had
myxedema following in utero exposure during
treatment of the mother with large doses of radio-
iodine.138-lAl However, this Marshallese boy ap-
pears to be the first reported case of thyroid ade-
nomas developing presumably from in utcro expo-
sure to radioiodines.

Zn utero thyroid dose calculations are not possi-
ble, since insufficient data are available on fetal
thyroid uptake of radioiodines from the mother at
various stages of gestation.l~z Figure 48 shows thy-
roid function of the human fetus. The gland is not
thought to begin to function and to accumulate
iodine until about the 12th week of gestation.lqq,l~s
At the time of exposure of the Marshallese boy
(about 22 to 24 weeks) the thyroid should have
been actively functioning. He received 175 rads of
gamma radiation but the dose from radioiodines is
uncertain. In view of the high uptake of radio-
ioclines per gram by the fetal thyroid at 22 weeks,
the thyroid dose might be expected to be high.
However, since it appears from our data that

40.0

35.0I
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15.0t
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Figure 48. Thyroidal uptake of 1311(% pcr gram)
versus age. (From Evans et al.l~s)

longer latent periods are associated with lower

doses of radiation to the thyroid, it is likely that
the thyroid in this boy exposed in uteroreceived a
lower dose than that in Marshallese children ex-
posed at a young age. Also, this boy and the others
exposed in utero have shown no impairment in
growth and development. It is of interest that the
mother of this boy has not developed any thyroid
abnormalities and appears to be euthyroid. The
two children exposed at the end of the first trimes-
ter probably had nonfunctioning primordial thy-
roid glands at that time so that the glands received
only the gamma exposure and were therefore less
likely to develop thyroid abnormalities. None of
the four children exposed in uttro has shown micro-
cephaly or mental retardation, which have been
noted in some of the children exposed in utero in
Japan.

V. Neoplasia

Among the late effects of radiation, the enhance-
ment of the development of neoplasia has been
well documented. In irradiated animals, malig-
nancies not only may be induced at an earlier age
but appear in increased numbers. In the Japanese
atom bomb survivors, leukemia and thyroid neo-
plasia have shown the most clear-cut association
with radiation exposure, though more recently
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Table 35

Cancer Cases Among hlarshallese
up to 20 Years Post Exposure

C:xe A-o. Age and Sex Type
—

ExposedRongelap (82 people)
62 60 F Ovarian
30 60 F Cervix”
13 71F Uterus”
68 64 M Stomach
54 18M Leukemia
18 35 F Thyroid
64 41 F Thyroid
~~ 22 F Thyroid

Cnexpsed Rongelap ( -190 people)
861 68 F Cervix*

Exposed Utirik ( 157 people)
~12~ 87 M Rectum”
Wzql 37 F Thyroid

Year ofcleath

1959
1962
1956
1974
1972

1960

1959

*Diagnosis not contirmed by autopsy.

other forms of malignancy are beginning to show
correlations.lT7

The cases of malignancy recorded among the
various lMarshallese populations under study dur-
ing the past 20 years are listed in Table. 35. In
these people, thyroid malignan~es (discussed
above) show a correlation with radiation exposure;
other types cannot be ascribed definitely to radia-
tion exposure.

A. A CASE OF ACUTE MYELOGENOUS

LEUKEMIA

In 1972 an exposed Rongelap male (subject No.
54) died of leukemia at age 19.146 He had been
exposed to 175 rads of gamma radiation on Ron-
gelap at age 1 year, and had experienced early
transient symptoms, nausea and vomiting and
itching and burning of the skin. He showed mod-
erate depression of lymphocytes, platelets, and
neutrophils, his WBC dropping to 3900 by 6 weeks
and his platelets to 140,000 by 4 weeks. He devel-
oped beta burns of the skin, particularly over the
neck, arms, and legs, and some epilation of the
scalp (Figure 49). These lesions healed unevent-
tilly. His blood elements showed slow recovery
toward normal levels by 1 year. He remained gen-
erally healthy, with usual childhood infections,
until age 13, when nodules developed in the thy-
roid and he was taken to the U.S. for study (Fig-

63

Figure 49. Subject No. 54 at age 1 year, a month after

exposure to fallout, when he had spotty epilation and
scatteredbeta burn lesions on the scalp, neck, arms, legs,
and anal region.

Figure 50. Subject No. 54 being examined at age 13.

ure 50). The nodules removed at surgery (includ-
ing a Hiirthle cell adenoma) were benign. He was
placed on continuous thyroid hormone treatment

and remained euthyroid, with normal growth and

development. (His mother, father, and two broth-
ers also had thyroid lesions surgically removed. )
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Figure 51. LcJ: Immature myelocytic cells (many promye!ocytes) in marrow of subject No. 54,
6 weeks before death. X 1650. Right: Promyelocytes with Auer rods were numerous. x 1650.

During the 1972 annual examination the sub-
ject was found to have a WBC of 2000 and a
platelet count of 120,000. He showed no other sig-
nificant findings and appeared to be a healthy and
husky 19-year-old. He was brought to BNL, where
a bone marrow examination revealed typical acute
myelogenous leukemia, predominately of the pro-
myelocytic type with numerous Auer rods (see
Figure 51). He was transferred to the National
Cancer Institute at Bethesda, where examination
resulted in few physical findings besides the bone
marrow changes noted.* He had a slight inflammat-
ion of the pharynx, periodontitis around the right

●Drs. Edward S. Hen&rson, James Mabry,Joan Bull, Maria
Tomassewski, and Jacqueline Peng of the National Cancer In-
stitute and Dr. Gundabhaktha Chikkapa of Brookhaven Na-
tional hbomtory assisted with this study.

third molar, and a left chronic otitis media. Anti-
Ieukemic medication included cytosine arabinoside,
6-thioguanine, heparin, oxacillin or cephalothin
with gentamicin, and later ampicillin. He received
blood and platelet transfusions, some from an
older brother flown in from the Marshall Islands,
but compatible platelets were not available. Plate-
let levels continued low, and within 2 weeks he de-
veloped signs of a hemorrhagic diathesis with
marked hemithorax. He was placed in a respirator,
but his condition worsened, and he died 6 weeks
after admission. (See Appendix 11 for hospital
summary. )

The principal autopsy findings included acute
myeloblastic (promyelocytic?) leukemia in spleen,
lymph nodes, arachnoid, and bone marrow. There
had been massive pulmonary hemorrhage bi later-
ally and inflammation of the parotid gland. It was

Table 36

I Difference in Mean PeripheralBlood LevelsBetween Subject
With Leukemia(No. 54) and ExposedPeen

WBC ( X 10-3) Neut. ( x IO-3) Lymph. ( X 10-3) Plate. ( X 10-3) Hct., %

1954
Exposed peen 7.7 4.1 3.0 246 37.3
Leukemia case 5.7 ( –26’%) 2.5 ( –39%) 2.8 (–6’%) 187 (–24%) 36.4 ( – 2.5%)

1955-72
E..posed peers 8.2 3.8 3.5 293 39.2
Leukemia case 6.5 (–21%) 2.7 ( –30%) 3.1 (–11%) 271 (-7.5%) 40.5 ( +3’%)
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interesting that radiochemical analysis of bone
samples showed WSr levels about the same as in
people living in A’ew York.

Retrospective study ofhematofogical data. The hema -
tological data gathered over the 18-year period on
the subject with leukemia (No. 54) were compared
with the mean levels of 8 other Rongelap boys ex-
posed at <5 years of age and of 8 unexposed boys
in the same age range (Figure 52). The percentage
differences in mean peripheral blood levels between
subject No. 54 and his exposed peers are given in
Table 36 for the first year and for the subsequent
years. The subject with leukemia showed greater
depression of neutrophils both during the immedi-
ate post-exposure period and in subsequent years.
The least difference appeared to be in the erythro-
poietic system. Morphological studies of peripheral
blood smears revealed no significant abnormalities
until the development of leukemia; unfortunately
no bone marrow examinations had been made
before.

Since the Marshallese children are prone to fre-
quent infections associated with granulocytosis, it
was of interest to compare this response in the sub-
ject with leukemia and in the other exposed boys.
The records showed that the white cell count ex-
ceeded 10,000 a total of 36 times in 131 counts
(27%) in the other 8 exposed boys and only once
in 18 counts (5%) in subject No. 54. However, if
this indicated a reduction in marrow reserve in
this boy, the reduction apparently was insufficient
to result in any illness serious enough to require
hospitalization.

Other data related to leukemia were gener-
ally negative in subject No. 54, including alkaline
phosphatase levels of neutrophils, basophil counts,
Australia antigen, and blood proteins (except for
a slightly elevated gamma globulin level, which is
common in the Marshallese). Chromosome stud-
ies of the peripheral blood made 12 yean after ex-
posure and of the bone marrow during his termi-
nal illness did not show aneuploidy or structural
changes of the chromosomes However, increased
chromosome breakage (11 % of the cells) was noted

terminally, which may have been related to radia-
tion exposure to chemotherapy, or possibly to his
disease.

Discussion. It is possible that radiation expo-
sure was involved in the etiology of leukemia in
subject No. 54. Radiation exposure has long been
associated with the development of this disease (in
physicians, particularly radiologists,147’148 in pa-
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tients after radiation treatment for ankylosing
spondylitis,149 etc.), and its etiological role was
established without question by the high incidence
of leukemia in the Japanese exposed to the atom
bomb.150,1Sl

Some findings in the Japanese tend to support
radiation etiology in this Marsh allese boy. In his
case the latent period was quite long, but the in-
cidence of leukemia in Japan is stil! (after >25
years) higher among the exposed group than
among the general population. Also, the incidence
has been higher among those exposed in child-
hood, particularly males, in whom the granulocytic
form of leukemia has been prevalent; and the same
form has been more prevalent in cases t~ith longer
latent periods and lower exposures.lsz On the
basis-of 2 cases per year per million people per
rad among the exposed Japanese, the expectancy
among the exposed Nfarshallese would be a total
of about 0.33 cases. However, the normal incidence
of leukemia in the Marsh allese, from the sketchy
statistics available, appears to be low, about 20
cases per year per million compared with 60 to 70
in the U. S.; thus the number of spontaneous cases
expected among the exposed Marshallese would
be a total of 0.02 to 0.067. The ratio of radiation-
induced to spontaneous expectancy (0.33:0.02 or
0.33:0.067) indicates that chances are about 5 to
15 times as great that this Marshallese case was
radiation-induced as that it was spontaneous.

Review of the hematological data on subject
No. 54 over the 18-year period before the develop-
ment of leukemia is of interest. The greater degee
of hematologic depression in him than in the other
exposed boys indicates either a greater radiation
dose to the hematopoietic tissues or greater sensi-
tivity or proclivity to marrow depression. (None
of the peripheral granulocyte levels in the other
boys, exposed or unexposed, plotted individually,
were as low as his.) Perhaps his radiation dose was
actually greater, since he was the youngest Ron-
gelap child exposed and may therefore have been
in closer contact with the fallout source on the
ground. Being younger might also imply greater
radiosensitivity.

In view of the later development of the granulo-
cytic form of leukemia, it is of interest that the
early bone marrow injury was characterized by
having the greatest effect on the granulocytes, with
the thrombocytic and Iymphocytic cells less af-
fected and the erythrocytic cells least. The erythro-
cytic system did not show cvi(lence of failure until

near death. In spite of the long-term findings,
morbid evidence of the disease was not apparent
until the last few months. One year before the diag-
nosis of leukemia the peripheral blood cells ap-
peared normal except for a possible increase in
atypical monoc}tes.

A preleukemic syndrome has been described for
some cases of nonlymphocytic leukemias.lss.lsA
Linman and Saarnils~ state that the frequency of
the syndrome may be as high as two cases in five
and that preleukemic findings “reflect the early

stage of myeloproliferative disorders which will
eventually fulfill the criteria to be classified as my-
elomonocytic leukemia.” The syndrome is char-
acterized by various findin~, not all necessarily
present, such as anemia with erytht-ocyte abnormal-
ities, thrombocyto~nia, atypical platelets in the pe-
ripheral blood, and neutropenia. 153,154Chromo-
some abnormalities are reported in about half the
cases.lss Isolated neutropenia is an occasional pre-
Ieukemic finding; in the case reported here, the
relative neutropenia is the only finding that might
be considered as preleukemic. If the preleukemic
phase is considered to date back to near the time
of radiation exposure in this case, then it had a
longer course than is usually noted.154

The possibility that the granulocytic reserve was
reduced in subject No. 54 as a result of radiation
exposure was indicated by his g-ranulocyte response
being lower than that of his peers in response to
challenge by childhood infections. One might spec-
ulate that the frequent infections to which the
Marshallese are exposed may have played a role
in accelerating the development of a radiation-
induced mutant leukemic clone. This would be
similar in some ways to the role thought to be
played by the thyroid-stimulating hormone in en-
hancing the development of tumors in radiation-
injured thyroid glands, as has been seen in the
Marshallese years after exposure of their thyroid
glands to radioiodine from the fallout. The above
findings do not rule out the possibility of a viral
etiology for this leukemia.

Because of the development of this case of leu-

kemia, complete hematological examinations on

the exposed Marshallese population are now being
carried out semiannually instead of annually.

B, OTHER MALIGNANCIES

hfalignancies other than thyroid cancer and
leukemia (see Table 35) appeared to have a higher
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incidence in the exposed Rongelap people than in
the unexposed group and the low-level exposed
Utirik group. Whether or not this is correlated
\\ith radiation exposure cannot be ascertained.
The data must be interpreted with considerable
caution since (a) the populations are small, (b) the
unexposed population was not examined before
1957 and has undergone changes due to both at-
trition and addition, (c) the diagnosis of malig-
nancy is not certain in all cases because of the dif-
ficulty of obtaining autopsies for verification, and
(cl) the types of malignancy were not those that
have been correlated with radiation exposure in the
Japanese exposed at Hiroshima and Nagasaki.177

VI. Radiological Monitoring

of Personnel and Environment

A. GENERAL

During their 3-year sojourn on Majuro ( 1954-
1957 j, the Ron,gelap people’s body burdens of
radionuclides decreased rapidly, as shown by
radiochemical analyses of urine. By 6 months
radionuclides in the urine were barely detectable.2
The LTtirikpeople were moved back to their home
island after the initial examinations and were ex-
posed to very low levels of residual radioactivity
there. In 1957 (3 years after the accident) gamma
spectrographic analyses were carried out on 4
Rongelap and 2 Utirik people at Argonne National
Laboratory in Chicago.lss The finding of detect-
able levels of 137Csand G5Zn (higher in the Utiriks)
indicated the feasibility of using this technique in
the islands. tVhen the Rongelap people returned
to their home island in 1957, the low levels of en-
vironmental contamination were soon reflected in
increased body burdens of some radionuclides.r A
number of radiological surveys156-164at Rongelap
and Utirik have been carried out in conjunction
with personnel monitoring, largely by Univemity
of Washington staff and more recently also by a
group from the BNL Health Physics and Safety
Division. These studies have provided important
information on the movements of radio nuclides
from the soil through the marine and plant food
chain to man and should prove useful in predict-
ing future body-burden patterns of people retur-
ningto Bikini and Eniwetok. The principal residual
radioactive elements on Rongelap and Utirik \vere
131’cs,gosr, Gszn, and tsFe, with small but measur-

able amounts of other fission products and neutron-

Figure53. Steelroom used
for whole-body gamma spectroscopy.7

Figure 54. Arrangement of lead bricks
used for whole-body coundng.
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Table 37

Radioehemical Analyses of Urine (Data in Average pCi/liter)

Year No. in group Av. vol., ml Av. Ca, mg/liter WSr 137C$ 23S~ ~39Pu ?39.? !opL,

Rongelap

1970
1971
1972
1973
1974

Utirik

20 895 152.4 3.5
15 534 336.1 3.7
18 461 120.3 2.4
11 249 247.2 6.5

14 558 706,8 2.8

1974

Bikini

11 542 734.9 1.3

1970

1971
1972
1973
1974

(Spring)

Pooled
Urine G
Urine M
HASL* control
HASL control
Pooled
Pooled

14
11

1100
930
3000
1000
2670
2700
294
141

120.0 12
2.2
I .9

160.0 1.0
1.6

84.5 1.7
204.0 4.2
173.5 6.7
310.0 2.0

2700
2400
2600
4600
4500

1300

115

12

183
910

1500
1100

0.21

0.003 0.003
0.013 0.020
0.015 o,()~4

0.003 0,003
0.014 0.022

0.004

0.02

●US AEC Health and Safety Laboratory, New Yorkl N.Y.

Table 38

Radiochemical Analyses of Well \Vater From Bikini (Data in pCi/liter)

Year Sample Vol., ml ‘Sr 137C5 3H 239.2 tO~

1971 “good well” 1830 6.0 * 17% 600 Al% 770&40%l 0.04 * 23%
“bad well” 1830 25 k 3% 850 * l!Zo 1040 *30% 0.05 t 2W0

“good well (closed) 1810 103 & 2% 1044 *170 0.058& 15%
“good well” (opened) 1980 125 & 3~o 818 *1% 5.76 ? 6%
drinking water (camp area) 3580 0.46? 4% 1.53&8% 0.004 z I00’ZO

1972 well water 1000 15.4 * 9% 800 *1%
drinking water 1960 0.61& 6% 1.8 A8%

1973 new well 60 52 600 0.38 & 4(X7
B-1 well 225 11 724 0.08 k 50%

Table 39

Radiochemical Analyses of Coconut Crabs From Bikini (Data in pCi \vet weight)

Year Wet wt., g % Ash g Ca per kg wet wt. wsr 137CS 238PU 2,3~l%

1970 1164 23.3 81 23,300 11,800 0.06 & 50% 1.5 *IO%
1930 18.5 61 24,800 14,800 0.001 & low 0.07537%

1971 1812 17.8 60 132,000 11,400
1827 21.5 72 412,000 8,600

1973 1190 63.5 45,700 g,~go
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induced activities (~9Fe, 57.58,60C0, 54Mn, 144CS.

l~~pr, ~~Zr-g~Nb, and lo6Ru-lo6Rh). Radiological

assessment has included surveys for gamma radia-

tion levels on the islands; radiochemical studies of
wil profiles, lagoon bottoms, marine life, plants, ani-
mal life (e. g., rats. coconut crabs), food items, and
urine samples; and gamma spectrographic analysis
of internally deposited gamma emitters in person-
nel. The medical team has been responsible since
1’369 for monitoring the body burdens of the ~ople
returning to Bikini, as \\ellas of the Marshallese ex-
posed to fallout and their controls, and more re-
cently also of the people returning to Eniwetok.
The 1974 studies of environmental radiation on
Rongelap, Utirik, and Bikini are being published
separately.165

LTntil 1965 gamma spectroscopy was done in a
21-ton steel chamber built at BNL for shielding,
with additional housing for the counting equip-
ment (Figure 53). The subject to be counted took
a soap and water shower, put on paper pajamas,
and then stayed in the chamber for about 15 rein,
during which soft music was piped in. Only a few
small children were apprehensive during the pro-
cedure. More recently whole-body counting has
been done with a smaller “shadow-shield” ar-
rangement of lead bricks, a modification of the
Hanford modelle~ (Figure 54). In 1974 spectro-

graphs showed a characteristic peak for lSTCSand
G3Zn, but 60C0 was barely discernible, if at all, at
the low levels present in the people (see Figure
55).167,1GSAnnual collections of 24-hr urine sarrt-
ples from a number of people have been made for
radiochemical analysis.

The results of radiochemical analyses of urine,
\vater, and crabs over the past 5 years are sum-
marized in Tables 37 to 40; the results of indi-
vidual urinalyses are given in Appendix 12.* By
1974 the only detectable gamma emitter was
l~TCs; its levels are given for Rongelap, Utirik,
and Bikini individuals in Appendix 12 and for
groups in Table 41. Since the return to Rongelap,
no differences have been seen between exposed
and unexposed groups.

Figures 56 and 57 show the estimated body
burdens of gamma emitters and gOSrfor the Ron-
gelap people at various times after the initial ex-
posure in 1954, After their return to Rongelap the
body burdens increased. GsZn was present for a
few years, apparently from fish in the diet; the rea-
son for its rapid decrease was not immediately ap-
parent but may be related to movements of marine
life in and out of the lagoon. Small amounts of
60C0 were identified in personnel during the early
years after the return (the highest concentration
was in clams). gOSr body burdens reached their
highest level during 1962 to 1965 at about 12 nCi
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Figure 55. Gamma spectra obtained by whole-body
counting, males, 1974 (—, Rongelap; –––, BNL medic-
al team).

●W’Care indebted to Mr. Edward P. Hardy, jr., Direetor, En-
vironmental Studies Diwision, AEC Health and Safety Labora-
tory, New York, N. Y., for carrying out the radiochemical
analyses.

Table 40

Radionuclides in Coconut Crabs From Rongelap

Yem 107CS, pCi/kg ‘OSr, pCi/g Ca

1961 1,140
1962 1,224 (1,317; 1,086;

1,113; 1,378)
1964 50,~81 (3~,292; 45,318; 758 (865; 628; 780)

66,234)
1965 12,700 724
1969 7,775 (8,540; 7,010) 705 (910; 500)
1972 5,900 (5,600; 6,100; 353 (376; 419; 359;

6,800; 5,100) 259)
12,’300” 933*

1973 37,065 (64,700; 9,430)” 3,’350 (6,639; 1,267)”
1974 6,600 ( 5,000; 8,200) 448 (290; 606)

4,800” 290”

*From northern islands of Rongelap ,4toll, where radi-
ation dose was much higher.
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Table 41

~
I

Mean Cesium -137 Levels Obtai,led by Whole-Bocly Counting, 1974

Male Female

No. nCi nCi/kg body wt. No. nCi nCi/kg body \~t.

Bikini 8 128 1.84 (0.43-5.1 1) 13 73 1.15 (0.22-3.26)
Utirik 9 262 4.05 (2.6 1-6.84) 13 133 2.13 (0.96-3.85)
Rongelap 22 475 7.76 (4.37-16.3) 24 304
BNL med. team

5.13 (?.71-13.46)
4 2.93 0.033?(0.0134-0.0791)

Table 42

Dose to Bone hlarrow ( Data in mrad/year)

1958 1974

Rongelap Rcmgelap Utirik Bikini

Internal

S’qjr 11 8 6 5
137c~ 120” 60 31 16
Natural (AOK, etc.) 44 44 44 4-4

Total 175 112 81 65

External

Residual gamma (in village areas) 250 15 7 65
h’atural (cosmic etc. ) 134”” 39 39 39

Total 384 54 46 104

Combined total 559 166 127 169

*137c~+65zn.

**Hi~h value due to increa~d cosmic-ray dose from above-average sunspot activity. The year 1958 was the time of peak

radioactivity at Rongelap.
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Figure 56. Body burdens of gamma emitters, obtained by Figure 57. Body burdens ofstrontium-90, obtained
whole-body gamma spectroscopy (o, 137CS; ., 65Zn). by radiochcmical analysis of urine.



in adults and 22 nCi in children, about 6 and 117G
respectively of the maximum permissible lifetime

body-burden levels for the population at large, i.e.,
‘io the ICRP value.lGg Analyses of bone samples
tiom several autopsies during the past 20 years
gave estimated 9Wr body burdens similar to those
obtained from urinalysis (see Figure 57). IS7CS
body burdens also reached their peak in about
1965, at nearly 0.7 pCi (23% of the permissible
level for the general population). The body bur-
dens of the Utirik people were considerable y below
those of the Rongelapese. Table 42 shows that the
estimated bone marrow doses of Rongelap people
horn internal and external sources (both natural

and man-made radioactivity) were considerably

reduced by 1974, and presents data also for Utirili
and Bikhi.*

The coconut crab was banned from the diet on
Rongelap because of its high level of radioactivity,
but about 2 years ago the ban was lifted on the
southern islands of the atoll because the radioac-
tivity had

B. 55%

In 1971

decreased sufficiently (see Table 40).

BODY BURDENS IN RONGELAPESE

blood samples from 62 Rongelap resi-
dents were analyzed ‘* for ssFe, and t-hei~ body
burdens were estimated by the method of Beasley
et al.lTOssFe was known to be present in the Mar-
shall Islands in fairly high levels as a result of the

●Mr. R. Fairchild at BNL calculated the bone marrow dose
br the 1974 data

●*The ~Fe analyses were carried out by T.M. Beaslcy and
E.E. Held at the University of Washington School of Fisheries,
Seattle.

Table 43

Average Body Burdens of S3Fe in Rongelapese, 1971170

No. of Body burden,
Age 5ample9 pCi

\lales 16-20 8 0.31
21-31 4 0.33
32-42 5 0.52
43-53 2 0.58
54-64 6 0.53

>64 3 0.48

Females 16-20 6 0.23
21-31 12 0.34
32-42 5 033
43-53 7 0.66
54-64 2 037

>64 2 () 66

71

local nuclear testing program and also from world-
wide fallout, and to be concentrated by marine
life, particularly fish. The estimated body burdens
for the Marshallese tested (Table 43) are higher
than those found for Japanese bomb survivors and
for others tested, but they are not more than Xoo
of the maximum permissible levels for non-occu-
pationally exposed individuals estimated with the
total body as the critical organ. The values are
slightly higher in females than in males, and sig-
nificantly higher in older persons. ssFe emits pho-
tons of very lo\venergy, and, since it is incorporated
into the hemoglobin of the red cells, it results in
relatively little irradiation of nucleated cells. Some
blood samples from the 1974 survey are also being
analyzed for 55Fe.

C. PERSONNEL MONITORING AT BIKINI

In 1946, before Operation Crossroads, the resi-
dents were evacuated from Bikini. After stays at
Rongerik and at Kwajalein which proved unsatis-
factory, they were relocated on Kili Island in the
southern MarshalIs, which also proved unsatisfac-
tory. The Eniwetok people were relocated at
Ujelang Atoll, to the west, after their evacuation.

After the 1958 moratorium on atmospheric nu-
clear testing, numerous radiological surveys were
done on Bikini and later on Eniwetok Atoll,171-174
In 1967 the principal isotopes contributing to the
gamma radiation field on Bikini and Eneu Islands
were lsTCs, GoCo, W3bj and lSSEU; slight amounts
of Pu were also found. Considerable variation was
seen in the contamination of individual islands
comprising the atolls of Bikini and Eniwetok since
different tests had been conducted on various ones.
The contamination of Rongelap and Utirik was
more uniform, being due largely to fallout from a
single detonation, Bravo.

In 1968 an ad hoc committee reviewed the sur-
vey results for Bikini and decided that Eneu and
Bikini Islands were safe for habitation, with cer-
tain measures recommended to reduce exposure
(see Appendix 13). In 1969 about 30 people started
work on Bikini Atoll (living on Eneu), and in 1971
several Bikini families moved back to Bikini Island
itself, which now has about 50 Bikini people plus
a few administrators and construction workers.
Annual monitoring of personnel has been carried
out since 1969. In 1974 radiochemical analyses
were done on urine (see Table 37 and Appendix
12) and other samples, whole-body gamma spec-

troscopy was carried out on personnel living on
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Bikini (see Table 41 and Appendix 12), and a
gamma survey of the island was made by Green-

j house et al.15g (see Appendix 14).

On Bikini Island almost all the gamma radia-

tion is now due to 137CS.The gamma level due to
natural radioactivity is considerably less on these
islands than in the U. S.; this is why the average
gamma dose to an inhabitant is lower in Bikini
Village than in certain parts of the U.S. The
people living on Bikini eat a diet consisting almost
entirely of imported food, but they ingest slight
amounts of radioactivity from local seafood. The
newly planted coconut, pandanus, and breadfruit
trees will not bear fruit in any significant quantity
for wme years yet. The urinary radionuclide level
of the Bikini people is now several times as high as
when they were living on Kili Island, but still con-
siderably below the permissible range. The total
estimated internal bone marrow dose in 1974 to

the people living on Bikini was about half that to
the people living on Rongelap, but with the ex-
ternal dose included, the dose to the bone marrow
was about the same (see Table 42). It is reassuring
that analyses of urine for plutonium show levels
near background in the Bikini people (see Table
37). Well water on Bikini has had low levels of ac-
tivity (see Table 38). The dietary levels projected
for Bikini when the newly planted trees bear fruit
should be considerably lower than the levels based
on analyses of fruit from old trees because of the
soil removal procedures used at planting, but their
actual evaluation must await maturity of the trees
and further analyses. It is planned to add supple-
mentary calcium to the diet of the Bikini people
to help reduce absorption of 90Sr. Experiments are
under way to investigate the tolerance of Mar-
shallese people for powdered milk as a source of
calcium. Races other than the Caucasian are re-
ported to have a lower tolerance for milk because
of a genetic inability to digest lactose which gives
rise to abdominal discomfort, diarrhea, and other
symptorns.175

WI. Comments and Conclusions

A. THE EXAMINATIONS

The primary responsibility assigned the medical
team by the AEC (now ERDA) was the diagnosis
and treatment of possible effects of radiation expo-
sure in the Marshallese, but inevitably the exam-

ining groups have been concerned also with gen-
eral health care at the time of their visits. The re-
sponsibilities have been filled by carrying out ex-
tensive annual examinations, supplemented in re-
cent years by semiannual hematology checks and
quarterly visits by a resident physician. The exami-
nations, which have been carried out with the
assistance of the Trust Territory Health Services,
have resulted in extensive medical histories and
records for each individual and have made it pos-
sible to diagnose and treat many diseases and ill-
nesses at an early stage.

An important aspect of the medical surveys is to
maintain rapport with the people, to keep them
informed of the medical findings, to explain the
need for examinations, and at times to correct un-
founded rumors about fallout effects. Unfortu-
nately this has not always been successfully kept
up because of differences in language and culture.

Some studies have been of benefit to the Mar-
shall Islands as a whole, such as the surveys of the
incidence of diabetes and of parasitic infestation.
In addition, a great deal of data has accumulated
fi-om studies of geneticallyy inherited characteristics
which may prove valuable not only in determin-
ing possible genetic effects of radiation but also in
anthropology.

B. COMPARISON WITH OTHER

HUMAN EXPOSURES

In contrast to other groups exposed to radiation,
the Marshallese are unique in that they comprise
the only human population ever exposed to acute
radiation from fallout. The ac “cld13Wfomlst2d2L
tention for the first time on the hazards of fallout
E&ii n-uclehr detone. The atomic blasts above
Hiroshima and Nagasaki resulted in casualties
due to penetrating gamma and neutron radition
directly from the bombs with little or no fallout in-
volved and therefore caused no effects due to in-

ternal absorption of radioactive materials. In con-
trast, the Marshallese were not exposed to direct
effects of the detonation but only to radioactive
fallout resulting in whole-body, skin, and internal
exposure. Trauma and extreme psychological dis-
turbances did not contribute to the effects in the
Marshallese as they did in the Japanese. The im-
portance of the hazard from internal absorption of
radioactive iodine has been clearly demonstrated
by the Nlarshallese experience. The 23 Japanese
fishermen on the Lucky Dragon received an expo-
sure similar to that of the Rongelap group but
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probably with less internal absorption of radionu-
clirles, since their stored water and food were cov-
ered, and they have had no thyroid effects (see
.Ippendix ‘2).

Evaluation of the effects of radiation exposure
in human beings (patients, physicians using radia-
tion, accident cases, etc.) is always difficult because
of uncertainties regarding exact dosage, fractiona-
tion and dose-rate effects, partial-body exposure,
complicating diseases, etc. The doses received by
the Marshallese, like most human exposures,
could be only roughly estimated, although the
hematological data were compatible with the cal-
culated \vhole-body doses. Even greater uncertain-
ties kvere encountered in estimating the doses due
to internal absorption of radionuclides.

/
The data on the effects of fallout radiation in \

(
the iMarshallese have provided important infor- I

, Mation that will apply in a general way to any {,

) ~om.rlation exposed acutely to fallout. However, \,.
the effects may be modified in other situations if
nuclear explosions occur in regions with different
terrain, soil types, climate, and availability of pro-
tective measures.

C. ACUTE EFFECTS

The most serious acute effects of the exposure
in the Marshallese were due to penetrating gam-
ma radiation. These included transient anorexia,
nausea, and vomiting and significant depression of
the peripheral blood elements in many members of
the higher exposure Rongelap group. The hemato-
logical depression was not sufficient to produce defi-
nite clinical signs and required no specific therapy.

Contamination of the skin in the Rongelap
group resulted in wide-spread beta burns on parts
of the body not covered by clothing and in spotty
epilation of the scalp. These effects were probably
aggravated by delay in decontamination and by
perspiration due to the warm climate causing the
fallout to stick to the skin. The superficial nature
of the lesions, rapid healing with minimal residual
skin changes, and regrowth of hair were no doubt
due to the low average energy of the beta radiation
in the fallout.

The lack of recognizable acute effects from the
internal absorption of radionuclides is noteworthy
in view of the serious thyroid abnormalities that
later developed.

Because of residual contamination on the islands,
radiological monitoring of personnel and environ-
ment has been an important part of the s~lrveys in

evaluating body burdens of radio nuclides in the
Rongelap and Utirik people. Recently the areas
undergoing such monitoring have included Bikini
Atoll and the people who have returned to live
there, and they will also include Eni\vetok when
its people return home.

D. LATE EFFECTS

The possible emergence of late effects of expo-
sure in the \larshallese has received considerable
attention in follow-up examinations. Except for
the thyroid lesions and the one case of leukemia,
only a few findings possibly related to radiation
exposure have been seen; otherwise the general
incidence of illnesses and the overall physics! con-
dition have been similar in the exposed and in the
unexposed comparison groups. The increase in
miscarriages and stillbirths among the exposed
Rongelap women during the first 5 years after ex-
posure may or may not have been related to radi-
ation effects. No genetic effects have been noted in
the children born of exposed parents; this is not
surprising in view of the generally negative find-
ings in the much larger Japanese study. The find-
ings of persistent chromosome aberrations in cul-
tured peripheral blood lymphocytes at 10 years
post exposure and a possible somatic mutation in
hemoglobin in several of the exposed group sug-
gest that genetic mutations may also be present.
The possibility of genetic effects in the offspring is
of serious concern to the exposed people and de-
serves further study.

Effects of radiation on life shortening or mortal-
ity are difficult to evaluate because of the small
number of people and the differences in age dis-
tribution between the exposed and comparison
groups. The only death that may be related to ex-
posure is that from leukemia. The occurrence of a
few additional cases of cancer (other than thyroid)
cannot be ascribed definitely to radiation expo-
sure. The lack of skin cancer from beta burns may
be related to the minimal nature of the residual
skin changes, probably due to insufficient radia-
tion injury to the dermis, but the possibility of skin
cancer developing must be kept in mind because
the latent period may be very long.

The development of a case of acute leukemia in
the Rongelap boy may or may not be related to
radiation exposure. However, this disease appears
to be even rarer in the Marshall Islands than in
the U.S. It is noteworthy that his disease was the

r
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myelogenous form, since his past hemograms
showed a fairly consistent depression of neutrophil
counts compared with those of other exposed boys
of the same age.

The inability to demonstrate clear-cut aging ef-
fects in the exposed group in spite of repeated at-
tempts with a variety of tests is in accord with the
generally negative results of similar attempts in
the much larger exposed Japanese populations.

The absence of radiation-induced cataracts is
not unexpected since the dose to the lens was prob-
ably below threshold and neutrons (known to
have a higher RBE for cataract induction than
gamma radiation) were not involved in the Mar-
shallese exposure.

E. THYROID EFFECTS

The high incidence of thyroid neoplasms (in 27
of 86 exposed Rongelap people, including 3 with
carcinomas) and the development in some chil-
dren of hypothyroidism and growth retardation
provide clear evidence for the seriousness of thyroid
injury due to radioiodine absorbed from fallout as-
sociated with atomic detonations. Had not carefi.d
medical studies in the population been instituted
soon after the exposure and continued to the pres-
ent date, the extent of thyroid effects might not
have been discovered.

Thyroid exposure is likely to be greater when
individuals are exposed within 100 to 150 miles of
the bomb if detonated near the ground. In such
situations, if lethal exposure to penetrating radia-
tion does not occur, the principal hazard appears
to be the late development of thyroid tumocs and
leukemia. Since the latter is ultimately fatal, it is
more serious than thyroid malignancies, most of
which are well differentiated and have an excel-
lent prognosis. The relative incidence of thyroid
malignancies from radiation appears to be about
the same as that of leukemia on a “per rad” basis.lTr
The incidence of thyroid cancer is considerably
higher than the mortality from it. Of 40 cases
among the exposed Japanese, 34 were living in
1973, and only one death had been attributed to
this cause. No evidence of thyroid dysfunction had
been noted at the time of diagnosis. In the Mar-
shallese reduced function was not found in two of
the cancer cases exposed as adults, but was in the
case exposed as a child.

The high incidence of thyroid effkcts in children
exposed at <10 years of age was no doubt related

to the higher dose to the child’s thyroid because of
its small~r size. The rapid growth of the glands
during childhood probably increased the chances
for neoplastic changes. The growth retardation
in some of these children was thought to be related
to reduced thyroid function resulting in lower hor-
mone levels. This deficiency was not recognized
during the early years because of falsely high PBI
levels resulting from unusually high iodoprotein
levels, which turned out to occur generally in the
Marshallese and are now being further studied.

Most of the thyroid glands of the exposed people
undergoing surgery contained multiple nodules or
areas of adenomatous change. Many microscopic
areas, although considered benign, were composed
of discrete areas of atypical cells, suggestive in
some cases of malignant potential.

The risk of developing benign and malignant
neoplasms in the Rongelap people appeared to be
about the same as that noted in people exposed to
x-radiation. Clinical experience with 1311sug-
gested that the risk would have been less, but the
higher energy of the short-lived isotopes of iodine
(particularly 1321, 1331, and 1351), resulting in

higher dose rate and more uniform exposure of
the thyroid, is thought to have been the important
factor in increasing the number of thyroid abnor-
malities above that expected from similar doses
fkom 1311alone. It is not unreasonable to speculate
that tumor incidence in the Marshallese would
have been considerably smaller if only 1311 had
been involved in the exposure. The lesser amount
of short-lived iodine isotopes in the Utirik expo-
sures (because of the later arrival of the fallout)
may have been an important factor in reducing
the dose effect to their thyroids, but the number of
people involved is too small for any firm conclu-
sion to be drawn.

Treatment of the exposed Rongelap people with
thyroid hormone has been of benefit in enhancing
growth and development in the growth-retarded
children and in maintaining a normal metabolic
state in the operated cases. It is not certain whether
it has prevented the development of thyroid
nodules.

The documentation of these thyroid effects has
importance not on] y for the people involved but
also for the advancement of medical knowledge
and for planning with regard to Civil Defense and
remotely possible future accidents involving re-
lease ofradioiodines (e.g., from a nuclear power
plant). The Marshallese accident represents ex-
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posure under extreme conditions, with no correc-
tive measures taken to reduce internal absorption
of radioisotopes prior to evacuation of the exposed
people from the fallout area. It did not involve the
contaminated pasture-cattle- milk cycle, which
might be an important pathway of radioiodine to
man in other types of accidents (such as the \Vind-
scale accident ).l 76

Civil Defense planning can provide for several
measures that will reduce the hazard of thyroid
exposure due to radioiodine absorption and thus
largely preclude the degree of thyroid injury sus-
tained by the Marshallese. Since the hazard from
radioiodine is acute for a period only of days,
early protective measures are extremely impor-
tant. These include avoiding inhalation of radio-
iodines by shelter protection; consuming food and
\vater only horn closed containers; feeding cows in
contaminated areas protected fodder; and tem-
porarily withholding contaminated milk sup-
plies and diverting them into processed products
with a shelf life longer than the life of the isotope.
The addition of stable iodine to food or water dur-
ing the first week wound provide a relatively inex-
pensive method of reducing thyroid uptake of
radioiodines by isotope dilution and saturation
with non-radioactive iodine; this should rarely pro-
duce any serious side effects and would be of par-
ticular value in children and pregnant women.
When exposure of the thyroid has already oc-
curred, prophylactic treat ment with thyroid hor-
mone, now being used in the Marshallese, may
help prevent development of thyroid tumors, and
even afler tumor development, surgical excision
may reduce mortality due to malignancy.

The thyroid effects in the Marshallese were not
anticipated at the time of the accident or during the
early years afterwards. In retrospect this is not sur-
prising, for several reasons. At that time the thy-
roid was thought to be relatively radioresistant,
particularly with regard to radioiodine exposure
(on the basis of animal studies and diagnostic and
therapeutic use of 1311in people), and the calcu-
lated thyroid doses in the Marshallese were con-
sidered to be below the levels likely to produce
tumors. In addition, neither the importance of the
exposure to short-lived iodine isotopes in fallout
nor the thyroid dose differential in children due to
the smaller size of their gland was fully appreciated.

It is quite likely that the final results of thyroid
lesions in the Marshallese are incomplete at this
time since new lesions are still occurring. The

mean latent period for radiation-induced thyroid
tumors may be as long as 30 years. Cases have
been seen as late as 40 years after exposure. Fur-
thermore, on the basis of the present data the risk
of developing radiation-induced thyroid neoplasia
is probably underestimated, since surgical removal
of potentially malignant tissues may have occurred
and the hormone treatment may have inhibited
the development of some tumors, although the lat-
ter is questionable. As has been pointed out, also,
the true carcinogenic potential of the exposure,
particularly in the children receiving the higher
dose, may have been masked by excessive cellular
destruction. The recent finding that subclinical
thyroid deficiency is present in some of the ex-
posed people who have not shown any thyroid ab-
normalities indicates that the thyroid effects in the
Marshallese may not yet be completely manifest,
and continued careful surveillance of this popula-
tion is necessary.
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Appendix 1

Chronological Listing of Events in the Marshall Islands

Bikini people moved from home island to Rongerik Atoll (later
evacuated to Kwajalein and finally settled on Kili Island in
the southern Marshals).

Kwajalein established as U.S. Navy Base.

Operation Crossroads at Bikini.

Trust Territory of the Pacific Islands established, administered
by U.S. Navy.

Administration of Trust Territory transferred to U.S. Department
of the Interior.

Eniwetok people moved to Ujelang.

March 1: Fallout accident following detonation of Bravo, a
thermonucleardevice. Exposed people from Rongelap, Rongerik,
and Utirik evacuated to Kwajalein Atoll for examination and
treatment. Exposed people on a Japanese fishing vessel
Fukuryo Maru (Lucky Dragon) return to Tokyo.——

June: Utirik people returned to home atoll; Rongerik servicemen
transferred to Tripler Army Hospital. Rongelap people resettled
in temporary village at Ejit Island, Majuro Atoll.

September: Second medical examination of exposed Rongelap people.
Decision made to examine Rongelap people annually, Utirik people
every 3 years.

New village constructed at Rongelap. People returned after 3
years away. Medical examinations and periodic survey of
environment continued.

Epidemic of poliomyelitis at
islands.

At Kwajalein, Pacific Missle
established.

Rongelap and in rest of Marshall

Range under U.S. Army Command

Ex gratia compensation (- $11,000 per person) granted Rongelap
people by U.S. Congress.

Thyroid abnormalities begin to appear in Rongelap exposed people.
Thyroid surgery performed on 3 children at the Guam Naval Hospital.

I

,,

t

I
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1965

1969

1970

1971

1972

1968 Thyroid surgery on 12 Rongelap people carried out i.n
Boston.

Cleanup of Bikini for return of inhabitants.

Five Marshallese had thyroid surgery in U. S.

One Marshallese had thyroid surgery in Cleveland.

Marshallese Congressman (Congress of Micronesia) visits Japan
and invites a Japanese team to visit Rongelap. Team arrives
but because of conflict over credentials they are denied visas
and returned to Japan.

Return of two Bikini families to Bikini to live. BNL medical
team assumes responsibility for radiological monitoring of re-
turning Bilcini and Eniwetok people.

Documentary movie Thyroid Neoplasia as a Late Sequella of
Radioactive Fallout filmed in Marshafi ~s~s. Shows fie
medical team in action.

January: Marshallese Congressman accuses the U.S. of knowingly
and consciously allowing the Marshallese people to be exposed
to radioactive fallout in order to study the effect of radiation
on human beings; accuses medical team of using Rongelap people
as guinea pigs and not giving them proper medical examinations
and adequate treatment. In March he told the Rongelap and
Utirik people not to cooperate with the medical team. Annual
medical survey not completed. Also 4 patients who had been
operated for thyroid cancer and were to be reexamined at
Tripler Army Hospital were stopped and told to return home.

April: Congress of Micronesia establishes a Special Joint
Committee concerning the medical examinations at Rongelap and
Utirik atolls. Chairman: Senator Olympio T. Borja.

August: Resident physician stationed in Marshall Islands.

September: Annual medical survey resumed, with cooperation from
Committee from Congress of Micronesia and participation of four
appointed medical observers from several countries. Comprehensive
report generally favorable to the medical examinations published.

October/November: A young exposed male, found to have acute
myelogenous leukemia, dies at National Cancer Institute, Bethesda,
Maryland, and is returned for burial at Rongelap.

Decision made to conduct hematological surveys at 6-month inter-
vals. Two Rongelap people had thyroid surgery in Cleveland.
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1973 Eniwetok radiological survey completed. Report NYO 140
published.

six Marshallese (3 Rongelap and 3 Utirik) had thyroid surgery
in Cleveland.

1974 BNL survey group organized for radiological surveys in Marshall
Islands. To be coordinated with medical surveys and personnel
monitoring of returning Bikini and Eniwetok people.

Special bills passed by Congress of Micronesia regarding further
compensation to Rongelap and Utirik people, and providing special
benefits and hospitalization privileges in case of illness from
any cause.

Documentary movie The Bikinians filmed at Bikini by the Univer-—.
sity of Georgia.

Three Rongelap people had thyroid surgery in Cleveland; one case
exposed in utero..—

LCU obtained for medical and radiological surveys. Christened
Liktanur.

i:
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Appendix 2

Survey Participants 1954

Name

Adamik, Emil
Anjain, JetOn, D.O.
Argonza, W.S.
Ash, Joseph A.
Bach, Sven A., M.D.
Barton, Johnny M., M.D.
Bateman, John L,, M.D.
Bender, Byron, Ph.D.
Bien, Peter
Blumberg, Baruch, M.D.
Bond, Victor, M.D.,Ph.D.
Boon, R.
Border, U.K.
Brown, Robert A.
Browning,L.E., M.D.
Cannon, Bradford, M.D.
Carter, Edwin L., M.D.
Carter, Robert E., M.D.
Carver, Russel K.
Chapman, W.H.
Clareus, Douglas
Clutter, W.G.
Cohn, Stanton H., Ph.D.
Colcock, Bentley P.,M.D.
Cole, William, M.D.
Cook, Lawrence
Conard, Robert A., M.D.
Cronkite, Eugene P., M.D.
Deisher, Joseph B., M.D.
Demoise, Charles F., Ph.D.
Dobyns, Brown M., M.D.
Dunham, Charles L., M.D.
Either, Maynard
Elanjo, Laijo
Emil, Menassa, D.O.
Ezaki, Haruo, M.D.
Farr, R.S., M.D.
Flanagan, J
Gays, W.
Gibbs, W.H.
Gideon, Kalman
Gilumrtin, James T.
Glassford, Kenneth
Goldman, Morris, Ph.D.
Gomez, Wentolin
Greenhouse, Nathaniel
Greenough, James J.
Griffin, David, M.D.
Gusmano, Ernest, Ph.D.

Technician
Dental Officer
Technician
Technician
Physician
Physician
Int. Medicine
Anthropologist
Medex
Endocrinologist
Physician
Technician
Technician
Technician
Physician
Surgeon
Int. Medicine
Pediatrician
Parasitologist
Rad. Scientist
Electronic Specialist
Technician
Scientist
Surgeon
Radiologist
Technician
Physician
Hematologist
Physician
Scientist

1974

Year 19’

BNL 59,61,62

TTPI 64,72
US Navy,NRDL 54
BNL 74
US Army,AFswP 57
US Air Force,AFSWP 58,
BNL
TTPI
TTPI
NIH
US Navy,NRDL
TTPI
US Navy,NhRI
BNL
US Amny,AFSWP
Mass.Gen. Hosp.
US Navy,NMRI
State U. Iowa
USPHS
US Navy,NMRI
BNL
US Navy,NMRI
BNL
Lahey Clinic
USPHS

BNL

BNL

US Navy,NMRI
TTP1
BNL

Surgeon Case Western Reserve Univ.
Physician AEC,DBM
Electronic Specialist NMRI
Technician TTRI
Dental Officer TTPI
Surgeon Hiroshima School of Med.
Hematologist US Navy,NMRI
Technician US Navy,NMRI
Technician TTPI
Technician US Navy,NRDL
Technician TTPI
Technician BNL
Technician US Navy,NMRI
Parasitologist USPHS

Technician TTPI
Rad. Scientist BNL
Technician BNL
Physician US Navy,NRDL
Rad. Technician BNL

69
64
70,74
59
54
61
55,56
73,74
54
56,57>63
57
64
58
54
61-70;72-74
54-57
54,59,61,74
67
72
63,65
54,56-74
54,55
66
68,69
69,70,72,73
57-59,65,73 “
57-59
74
67
72
54
54
64,65
54
64,65
59
59
58
67,69
74
57,59
55
61,65
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Survey Participants 1954 - 1974

Wme

Hanby, J. W. Technician
Ha—~rstrom, Richard, Ph.D. Scientist
Hansen, R.E. Technician
Hartley, Marion L. Technician
Hayakawa, C., M.D. Physician
Heckter, Hyman Statistician
Helkena, Jack, D.O. Dental Officer
He~drie, J.C. Technician
Heotis, Peter M. Technician
Hicking Arobati, M.O. Medical Officer
Hollingsworth, James w., M.D. Int. Medicine
Huggin;, C.E.~ M.D.
Hmpi’mey, Douglas
Is&an, John, M.O.
Jaffe, A.A., D.D.S.
Jesseph, Joseph E., M.D.
Jmule, Jude
Jones, Irving
Karnofs~, David, M.D.
Kenny, John
Knudsen, Knud, M.D.
Kctori, Toshiuki, M.D.
Lanwi, Issac, M.O.
Larsen, Reed, M.D.
LeRoy, G.V., M.D.
Lewis, William H., M.D.
Libby, Ernest
Lowrey, Austin, Jr., M.D.

Lyon, Harvey W., D.D.S.
MacDonald, Eugene H., M.D.
Makar, Michael S.
McPherson, S.D., M.D.
Meyer, Leo M., M.D.
Mizutani, Kosang
Moloney, William C., M.D.
Mcmmtaro, Francis, D.O.
Murray, William G.
Obten, Antak
Oh, Yang, H., Ph.D.
Otto, James S.
Paglia, Donald E., M.D.
Peck, William, M.D.
Pochin, Edward, M.D.,FRPC
Potter, David W.
Rai, Kanti, R., M.D.
Rail, Joseph E., M.D.
Ric-bards,J.B., M.D.
Riklon, Ezra,M.O.
Riklon, Kimra

Int. Medicine
Photographer
Medical Officer
Dentist
Surgeon
Technician
Technician
oncologist
Technician
Int. Medicine
Physician
Medical Officer
Endocrinologist
Int. Medicine
Cardiologist
Technician
Ophthalmologist

Dentist
Physician
Technician
Ophthalmologict
Hematologist
Technician
Hematologist
Dental Officer
Photographer
Technician
Scientist
Technician
Hematologist
Physician
Radiologist
Scientist
Pediatrician
Endocrinologist
Physician
Medical Officer
Technician

Year 19’

US Navy,NMRI
BNL
US Navy,NMRI
US Navy,NMRI
Tokyo, Japan
NRDL
TTPI
US Navy,NRDL
BNL
‘TTPI
ABCC, Japan
US Navy,NMRI
BNL
TTPI
TTPI
BNL
TTPI

So. Nassau Conzn.Hosp.
Sloan-Kettering Inst.

US Navy
BNL

NI Radiological Sci. Japan
TTPI

Univ. of Pittsburgh
AEC, DBM

Memorial Hospital, N.Y.
TTPI

54-57
63
54
58
72
57,58
60
54
73,74
62-68
59
56
70
59
60,61
65
67,72
61-63
61
55
71-74
64,72
59,60,64,65
72,74
54
59
67-69.71-73

US Army(Ret) 56-59:62,64,67,
71,72

US Navy,NMRI 59
TTPI 60,61
BNL 69-72
US Navy,NMRI 55
V.A. 61-65,67,72,74
TTPI 67,72,74

Boston City Hospital 62,63
TTPI 72
NRDL 57,58
TTPI 62
BNL 71

US Navy, Naval Med. Center 58
UCLA 68
TTPI 72

U. Coil. Med. School, London 72
BNL 58,59
BNL 70
NIH 57,65,71
US Navy,NMRI 56
TTPI 59-63,69,72,73
TTPI 72

‘
II
,;
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Survey Participants 1954 - 1974

Name

Robbins, Jacob, M.D. Endocrinologist
Robertson, James S., M.D.,Fh.D. Scientist
Rothmann, John C. Technician
Saul, Jospeh Technician
$chork, Paul K. Technician
Scott, William A. Technician
Severson, C.D. Technician
Sharp, R. Rad. Scientist
Shoniber, Sebio Technician
Shulman, N.R., M.D. Hematologist
Sipe, Clyde Technician
Smith, L.J. Rad. Scientist
Smith, Robert F. Photographer
Snow, Lloyd D. Technician
Saras, Philipo Technician
Steele, John, M.D. pediatrician
Strome, C.P.A. Technician
Sutow, Wataru W., M.D. Pediatrician

Tenorio, PacCfico Technician
Tomesch, Charles Physician
Urschel, Harold C., Jr., M.D. Physician
Waithe, William Technician
Watne, Alvin C., M.D. Surgeon
Weden, E.A., Jr., M.D. Physician
Weldon, Thomas Technician
Wolff, Jan, M.D. Endocrinologist
Wolins, William, M.D.’ Int. Medicine
Woodward, Kent T., M.D. Radiologist
Zetkeia, Nelson Technician

NIX
BNL
BNL
TTPI
US Navy,NMRI
BNL
US Navy,NNRI
US Navy,NMR1
TTPI
US Navy,NMRI
BNL
US Navy,NRDL
BNL
US Navy,NMRI
TTPI
TTPI
US Navy,NMRI

MD Anderson Hosp., Texas

US Navy,NMRI

BNL
US Navy,NMRI
NY University

Univ. of West Virginia
US Navy,NRDL
BNL
NIH
BNL
US Army,AFSWP
TTPI

Year 19’

66,72
54,58,65
74
71,72
54,57
58-74
56
54
59-74
54
54,55,58
54
59,67
56,59
61
74
54,55,56
58,59,61-63,65,
67-69,71,72
58,59
71
58
64
64
54
67
74
58
55
61,66-74
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Appendix 3

A Summary of the Findings over the 20 Year Period

on the Japanese Fishermen Exposed to Fallout in 1954

On March 1 in 1954, 23 Japanese fishermen aged from 18 to 39

were exposed to radioactive fallout produced by the thermo-nuclear

test explosion which was performed by the U. S. Authorities at

Bikini lagoon. They were crew of a tuna-fishing boat “The 5th

Lucky Dragon”.

The location of the boat was 166°58’ E. and 11°53’ N. . At about

3.50 a.m. they saw a huge red light in the west and heard detonation-

like sounds 7- 8 minutes later while they were fishing for tuna.

At about 7.00 a.m. white ashes began to fall on the boat which continued

for about 4 1/2 hours. After 14 days navigation they returned to their

harbor, Yaizu, on March 14, 1954. After landing, all the fishermen

were found to have been injured by the radioactive materials. Seven of

them were hospitalizedto the Tokyo University Hospital and the other

sixteen to the First National Hospital of Tokyo by March 28. They were

discharged from both hospitals in May 1955, except one fatalcase who

died on September 23, 1954. After being discharged, most of them

have been examined so far as possible on an anual basis.

A. State of Irradiation and Estimated Radiation Dose

When fallout fellmost intensively they could not keep their mouths

and eyes open. Fallout deposited on the deck as thick as their foot

prints were marked. The persons were irradiated in the following

three ways : 1) From the radioactive materials adhered to the skin

2) Externally from the radioactive materials in the cabins, on the

deck etc. 3) Internally from the radioactive materials entered various

organs.

The estimation of radiation dose to skin as well as the dose by

internal exposure were difficult. On the other hand, the estimated
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external radiation dose was approximately 170-600 rad for 14 days,

about half or more being irradiated on the first day. The dose to

each person differed depending on his behavior on the boat and the

position of his cabin.

The integrated dose to thyroid glands from
131

I was inferred as

about 20- 120 rad. Urine samples which were collected at 4 weeks after

the explosion revealed significant amount of radioactivity. However,

the radioactivity decreased rapidly, e. g. at about 6 months post

detonation the actitity was barely detectable. In the analysis after

8 1/2 years and 10 years the levels of
137

Cs and 90 Sr in urine were

the same to those of normal Japanese. At the same time the results

of whole body counting showed no significant difference between

fishermen and controls. The radioactivity in several organs of the

fatal case was higher than controls, but low.

B. Clinicaland Laboratory Findings

1. General symptoms and signs

Soon after the initialexposure most of the fishermen experienced

anorexia, fatigue,and lachrymation, and in some of them nausea and

vomiting occurred.

2. Skin lesions

Skin lesions were caused by beta irradiation. Shortly afterthe

exposure, they suffered from erythema which was followed by edema,

vesicle, erosion, tilcerationor necrosis. Epilations were observed

in 20 cases, especially 2 cases who did not wear hats during ash-fall

revealed complete epilation. These skin lesions were similar to

ordinary radiodermatitis histologically. The skin injriesrecovered

gradually. At present, namely 20 years after the exposure, in a few

cases depigmentation$ pigmentation and capillary dilatation are observed.

Atrophy of epidermis with narrowed stratum granulosum were clear

in histological section of these area examined 10 years after the exposure.

3. Hematology

a. Leukocytes : Total number of leukocytes decreased gradually,
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showing minimum count at 4th - 8th week. 5 cases revealed a count

of less than 2,000 /mm3, 13 less than 3,000 and 5 less than 4,000.

In one case, the leukocyte level depressed to 800. A correlation

WS found between these minimum count and the externallyirradiated

gamma doses of each individual. At firstlymphopenia was noticed

and t!!enneutropenia became marked. Since 8th week recovery was

proved. In many cases remarkable eosinophiliawas observed at

that time. In some cases immature neutrophils appeared in peripheral

blood slightly.

b. Erythrocy-tes : In severe cases slightanemia was observed,

accompanied by the depression of reticulocytes. Color indices

were higher than 1.0. The Price- Jones curves of erythrocytes

diameter were displaced to the right of normal one at first,which

returned to almost normal after one year.

c. Platelets : Platelets counts showed increasing depression,

reaching minimum at the 4th- 7th week ( 15,000- 100,000 /mm3).

Slightcoagulation disturbances observed in a few cases.

d. Bone marrow : In severe cases bone marrow was highly

hypoplastic at the criticalstage, which changed to hypoplastic and

turned into almost normoplastic. Recovery was not complete even

after a year. At the recovery stage coexistence of hypoplastic area

and hyperplastic area was observed in histologicalsections.

e. Morphological abnormalities : Several morphological

abnormalities, e.g. abnormal granules in lymphocytes or neutrophils,

vacuoles in various leukocytes and megakaryocytes, giantnuclei and

hypersegmentation of neutrophils, binuclear lymphocytes, abnormal

mitosis of erythroblasts etc. were observed for about one year,

especially at the criticaland recovery stage. A littleincrease of

rltitoticallyComected abnormalities” was found in bone marrow

smears of a few cases after 10 years.

f. Recovery : The cumulative distributioncurves of numbers of

leukocytes, erythrocytes and plateletsdisplaced to the leftof normal
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ones remarkably at the c ritical stage. Though the curves of

erythrocytes and platelets lay on normal Japanese ones after 2 years,

the curve of leukocytes stilldisplaced slightly to the left of normal

one even after 6 years .

4. Cytogenetics

Follow-up of chromosome observations in blood cells has been

performed since 1964. Even 20 years after exposure, cells with

chromosome abnormalities (both Cu and Cs cells ) exist in the

peripheral lymphocytes with much higher frequencies than in general

population. The frequency of Cu cells (dicentrics +rings ), however,

was decreasing. On the other hand, Cs cells remained fairly constant

in the frequency of around 2Y0. The frequencies of the chromosome

abnormalities were found to be corresponding to the severity of injurie

indicated by minimum leukocytes count at the critical stage. In the

bone marrow, cells with chromosome abnormalities (Cs cells )

occurred rather constantly with frequencies of more than 2 % in all the

4 times of samplings carried out 13-17 years after exposure.

5. Spermatopoiesis

Number of spermatozoa decreased about 2 months after exposure,

and azoospermia was found. Both fall of motility and morphological

abnormalities of spermatozoa were also observed. Indications of

recovery were noticed about 2 years after exposure. Then most of

the patients got healthy children.

The testicle of the fatal case, which died 206 days after exposure,

showed extremely reduced spermatopoiesis.

6. Other findings

Slight disturbances of the liver function were found in a few cases

at the time of hospitalization. Later it became more obvious. One of

the fishermen, who revealed remarkable hematological disturbances,

died from liver damage. During follow- up studies elevated values of
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GOT and GPT were observed in several cases. In 1974, ascites were

proved in 2 cases, one of which was accompanied by diabetes mellitus

and sepsis. These have recovered already.

Ophthalmological examinations showed slight lenticular opacities

in several cases. Its significance is not apparent yet.

Other studies including thyroid studies are going on to detect

late effects.

Toshiy&i Kumatori, M. D.

Head,
Division of Radiation Health,
National Institute of Radiological
Sciences
Chiba- shi, Japan
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Appendix 4

Booklet Printed at Brookhaven National Laboratory
To Answer Questions of Rongelap and Utirik People

How does radiation cause

diseases in our bodies?

Radiationinfallout caused

injury to parts of the body.
Lateron these parts became
sickandcannot dotheirjob
properly. There isvery little
radiationleftin thebodynow.

How can we tell if we have radiation in msrbodies?

It is difficult for you to know if you have radiation in your body because there is so

little. Only the experts can tell by checkbg you every year with special machines.

How can we get rid of the radiation in our bodies, trees, ground, crabs, etc?

Your body will remove some of the radmtion naturally when you use the benjo

but this takes a long time. The only way to get rid of the radiation in the trees, soil,

crabs, etc. is to collect them and dump them into the ocean. But, since the radiation

isweakthere isnoreason todo-. i ‘.3”J

Lush growth on Rongelap
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Did we people on Utirik get as much radiation as the people on Rcmgelap?

hro,because Utirik is farther away from Bikini than Rongelap. One way to mea-
sure radiation is by counting the “rads”. Below is the number of rads the people
got in 1954:

People on Rongelap ....................................l75rads
Peopleon Ailinginae .................................. 69rads
Americans on Rongerik .............................. 70racls
Pmpleon Utirik ...................................... 14rads

Fire

$
*

ma /’
Hot

Rongelap

P

f?

z(w”
)

Warm

I

Rongerik

Utirik

+“yJ=J==’””
xct-dd .

\ f..\
“j..jic.. * g“’”g
&> ‘““’”Ro.@p ‘-Rongenk Utirik

175 rads 70 radr 14 rads
Bikini

No, because Utirik isfarther away from Bikini. It is likejire. The closeryou get to
jire the hotter it gets. Heat is measured /y degrees. Radiation is measured /y rads.

1
1,
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Is there still radiation in the ground? How long till it last?
Yes, there is a little radiation left in the ground but it gets tveaker and weaker as

time goes by.

Wornan washing cloths
It is like dir~ clothes. Ijyou wash them and lay them in the sun the dirt and poison
wi[[ come away. The ground is too big to wash like clothes so the rain does itforyou.

If the radiation is still in the soil of these islands, why is there no restriction of

people moving into these islands?
The radiation in the ground isso weak that it is safe to live on the islands and eat the

foods. There is no place in the world that dces not have some radiation in the soil.

Feast on RongeIap
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lVhy can’t we eat coconut crab and arrowroot?

You can eat the coconut crabs from the southern islands of Rongelap if you do
not eat more than three crabs per J}’eek. There is still some radiation in the crabs

because they eat their old shells when they grow new ones. The people on Utirik
may eat all the crabs they want. Arrowv-oot may be eaten on Rongelap and Utirik.

Is there anything else that we are not supposed to eat?

No, you may eat anything else that is good for you.

—..

1

t

Person eating pandhnus

26umay eat anything else [ikepandanus.

If the U.S. can reach the moon, how come they did not know that the wind was

going to be shifted over to the islands?

There were some mistakes made. The U.S. can reach the moon because the equip-
ment used to get man to the moon is under his control. The direction of the wind
is more difficult to predict because the wind is not controlled by man.
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Are miscarriages caused by the fallout?

Some of the miscarriages in exposed Rongelap women duringthefirstyearsafter

thefalloutmay have been due to radiation exposure. Since that time there were
only a few miscarriages and this is normal. Women no longer have to worry about
miscarriages due to radiation.

.

Jim
I

8

Chz%irm and women .

They are healthy.

If I have trouble with my thyroid, will I be healthy again?

If you are treated properly and you follow the doctor’s advice, you should be

healthy and strong like anybody else. You should be examined every year so the
doctor can find out if you have thyroid disease. If the doctors operate on your thy-
roid, they will give you medicine. If you listen to the doctor and keep taking your
medicine, you will stay strong and healthy.

Since people who were not exposed to fallout have been living on the islands for
some time, have the Brookhaven doctors found any signs of radiation sickness in
them and if so will they be compensated?

There is practically no chance that any of these people will develop any radiation
sickness since the amount of radiation left on the islands is so small. If it did happen
the government probably would consider compensation.
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Ronge[ap Utirik

Bomb explosion

Why doesn’t the AEC remove the radiation from the soil and plants?
Itis impossible to do so and since the radiation is so small, there is no reason to

do this.

Why didn’t the U.S. explain to the people the dangers of the fallout before the test?

The people were not warned of the dangers of the fallout because the likelihood

that fallout would occur outside the restricted area was considered too remote to
justify warning the people. The occurrence of fallout in an unrestricted area after
the Bravo Test was the first accidental event of this kind to happen after a nuclear
weapon test.

* ● ☛

\Vhy did the U.S. not take extra precaution?

The U.S. took the precaution of trying to keep people out of the area where they

e..pected fallout to occur.

-99-
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i
1 was not exposed to radiation so why do I have to be examined?

The doctors examine people \vho were not exposed because they need to know

when the exposed people become sick, if their sickness is caused by radiation or
something else. If you were not exposed and got sick and your brother was exposed
and got the same sickness,then thedoctorswould suspect that the sickness was not
caused by radiation. You do not have to be examined if you do not want to be.
Remember, though, that you are helping your family and friends when you are
examined. Also,you arereceivinga freemedicalexamination by thebestdoctors

intheworld.

Doctor examines a patient
You are examined to make sure nothing is wrong.

Why do I have to be examined every year?

Doctom still do not know everything about radiation sickness so they are checking
you to make sure that you are healthy. They check you every year so that if you are
sick, they can find it early and treat you. Doctor Conard’s team treat many people
e~’ery year, even when the sickness does not come from radiation. The Congress of
Micronesia recommends that everyone take the examination.

\Vhy are some people becoming sick now 20 years after the test?
The radiation was in their bones and certain parts of their bodies such as the thy-

roid gland. Doctors still don’t understand all about radiation disease. That is why
they are checking you eve~ year to make sure you are healthy.
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Why do you have to take our blood? urine?
The doctors check your blood to find out if you have blood disease. They check

your urine to find out if you have other diseases. For example, Dr. Conard found
some people with diabetes (sugar sickness) which is not caused by radiation and he
was abletogivethem medicine.Anotherreasonh thattheurineremovesradiation
fromyourbody so the doctors want to find out if you still have radiation by looking
in your urine.

\$’hy do they take our blood for examination and then throw some of it away?

The doctors take your blood to study it. They need to study your blood three or
four times so they want to make sure that they have enough blood. It is better to
take more blood than not enough because if they need more, they don’t have to stick
the needle into your arm again. You have plenty of blood so it won’t hurt you to

●

lose a little.

● part sauaifor more tests

v Tested and thrown out

Blood test

Part oJ the b!ood is tested and can be thrown away.

A nether part is savedfor other tests at Brookhauen.

\Vhy do you have to drill into our bones?
Radiation can cause blood disease and your blood is made inside of your bones.

The doctom drill your bones to see if they are healthy.
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J$%y do people die after they have their bones drilled?
Nobody can die from ha~ring their bones drilled. Drilling into your bones isnot

dangerousorharmfuland doesnot causedeath.

Dsntist dn”lliqgteeth
Dentists drdlyour teeth, too, butyou & not die.

One man became blind tier the fallout. . . Wdl I become blind too?

No one became blind from fallout and we don’t expect anyone to become blind
horn it since there was not enough radiation to cause blindness or eye trouble.

Why do we have to be taken away to the States to be operated?

To give you the best medical care possible. The best doctors, hospitals and equip-

ment are in the States so you are sent there for treatment. When Lekoj Anjain was

sick, he was taken to the National Institute of Health Hospital in Maryland. Even
the President of the United States goes to this hospital when he is sick because they
have the best doctors and the best equipment in the U.S. It was sad that Lekoj died
but the doctors did everything they could to treat him.
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J\_hydo I need to take medicine for my thyroid?
If you had an operation and your thyroid gland was removed, the medicine will

do the job that your thyroid used to do. So, you must keep takingyour lmedicine.
Some people who did not have the operation also take the medicine so that their
thyroid glands do not get sick. It is very important that you take your medicine if
you want to stay healthy.

\Vhat kind of radiation caused thyroid sickness and leukemia?

Thyroid sicknessin the Rongelap people exposed to fallout was caused by damage

to the thyroid gland from a “thyroid radiation poison.” It took a long time for the
sickness to show. A few unexposed Rongelap people as well as some people in the
hlarshall Islands and all over the world develop thyroid sickness, but it is not due to
radiation. All the “thyroid poison” on Rongelap was gone when the people moved

back. Leukemia is a disease of the blood. Some cases were caused by radiation in
Japan and it is possible that Lekoj’s leukemia may have been due to radiation. Time
is about past for any more leukemia to be expected from radiation.

\%’hatwill happen to the people who were not exposed to radiation but are now
li~-ing on Rongelap and Utirik?

They don’t have to worry because there is practically no chance that any of the
people will get sick from radiation since there is so very little radiation left on the
islands.

:’

. ..- -“,

-. .-

. .
b...,’- .

. .
..,”g.---. >-. ... . ,... -.-’

Feast - People

Thty are Rongrlap people. They are hen[thy, too.
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Why do the doctors feel our neck?

Your thyroid glands are in your neck. The doctors feel your neck to find out if you
have a sickness in your thyroid gland. Another way to check your thyroid is with a
special machine.

17yroid examination

Special machine for checking thyroidgland.

What is the thyroid gland?
Your thyroid gland does a certain kind of work in your body. Your ears allow you

to hear, your eyes make you see and your thyroid makes you grow normally and
stay healthy. Because radiation affected their thyroid glands, some of the boys in
Rongelap grew slowly after the fallout. In 1965, they were given special medicine.-

and they grow normally. If you have a
thyroid operation, it is very important
that you take the medicine that is given
to you. The medicine will do the same
work as your thyroid and it will keep
you healthy.

Aike andAIet

?hcy were sick before. Thq are hea[thy now.



\$’hat is cancer?

Cancer is a disease which happens ~~’hena certain partofyour body becomes sick
and does not do its job. The sicknesscan spreadtootherpartsofyour body. Cancer
of the blood is called leukemia and that is the disease chat LekojAnjainhad.Some
kindsofcancercanbecontrolledby medicineand othersmustbestoppedby oper-
ation. Some types of cancer, such as leukemia, cannot be cured. Cancer is dan-
gerous but if the doctors examine you and find it early, they have a better chance to
help you.

So far, what are the health findings? Are we healthier or sicker?

The medical examinations show that you are a healthy and strong people. The

only significant differences htive been the early Fallout effects on the blood and skin,

the higher number of miscarriages in 1957 and 1958 and the thyroid troubles.

What is our future in regards to our health?
Dr. Conard and the other doctors feel that most of you are healthy and that you

do not need to worry about the future. This is also true for the unexposed people
who moved onto the island after the fallout and for the children who were born after
1954. Some of you may become sick but you will be given the best medical cam
possible . . . even if the sickness is not caused by the radiation. If you allow the doc-

tors to examine you and if you follow their advice, you should be able to live a
normal, healthy life. Examinations of thousands of children of exposed parents in
Japan have not shown any diseases from radiation. Examinations of your children
also show that they are healthy.
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Appendix 5

Reported Cases of Notifiable Diseases, Trust Territory Dktricts

Jan. ’74 Jan. ’75

Disease Total Total Marshalls Ponape Truk Marianas Yap Palau

Category “A”
AA Cholera
AB Plague
AC Smallpx
AD Yellow fever

Cate~orv “B”
B~
BB
BC
BD
BE
BF
BG
BH
BI
BJ
BK
BL
BM
BN
BO
BP

‘Dengue fever
Diphtheria
Dysentery - amoebic
Dysentery - bacillary
Encephalitis
Measles
Meningitis - meningococcal
Meningitis – other forms
Pertussis
Poliomyelitis
Relapsing fever (louse-borne)
Severe epidemic fever
Typhoid fever
T}-phus (flea-borne)
Typhus (mite-borne)
Typhus (louse-borne)

180 203 66 58 K! 4 5-

2 1 ---- — 1
23 l-- 1- —

Cateszow “C”
Cii
CB
cc
CD
CE
CF
CG
CH

~J

‘Gonorrhea 78
Infectious hepatitis 18
Influenza 1075
Leprosy
Rheumatic fever
syphilis
Tetanus
Tuberculosis - pulmonary 14
Tuberculosis - other forms
Yaws (treponematosis)

48
4

1762

11

817

16

69

2

295

7
2

139

66
2

176 266

1 1 — —

8

2

2 2 3 1-

2— —-

Catego~ “D”
DA ChickenPox 24
DB Conjunctivitis - acute infectious of newborn

Conjunctivitis - infectious (pink eye)
IX Dysentery - unspecified type
DD Filariasis 6
DE Fish poisoning 17
DF German measl=
DC Mumps 447
DH Septic sore throat 32

94 33 15 18 28 -—

150 150—

9

10

9
27 27

—
—

— —

14
59

13—
5 54
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Appendix6

Mean Blocd Counte atVarious Tines After Exposure

h’8c* Neutrophils Lymphoctes
x

Platelets**
(X1O-3)

Hematocrit,
(X1O-3) (Xlo- ) (X1O-4) z (x~~6)

Hale Wle F’emale Total Male U8111 Female Wle Male Fexale
?:3c*m3sure Oay <5 >5 <5 >5 <5 >5 <10 =-10 A.Ll Ages Croup <15 >15 All Ages <15 ,15 All Ages

3

7

13
12
15

18

22

26

30

33

39

b3

47

51

56

63

70

76

Ge..YSumey

l-yr surv*y

2-yr survey

3-yr Survey

4-yr swrvay

5-yr mrvey

6-yr SIUVey

l-y-rsurvey

8-yr s-ey

9-yr survey

Io-yr SIJrv*y

11-yr mrv*y

lz-yr survey

13-yr surwy

M-yr survey

L5-yr SIlrv*y

16-yr Survey

17-yrsurvey

L8-YTSUNEy

19-z surveyMar

19-7? surveySep

?!3-YTsurveyHar

20-yr surveySep

9.0 8.2

4.9 6.2

6.6 7.1

5.9 6.3

5.9 6.5

6.7 7.2

7.0 7.4

5.7 6.1

7.6 7.8

6.5 6.2

5.? 5.5

5.2 5.2

5.9 5.8

6.7 5.6

7.0 6.0

7.7 6.0

7.6 6.5
——

8.5 6.6

10.1 8.1

11.8 8.6

8.6 6.9

8.9 7.5

13.5 9.5

--- 6.5

---- 7.4

—- 6.9

-— 7..4

-—- B.2

—-- 7.4
--- 6.8

—- 7.2

— 7.0
--— 6.5
--— 6.4
-— 7.3
--— 6.9
. 7.4
---- 7.6
-—- 7.6
--— 8.1

6.4

---

3.5

3.5

3.2

3.4

4.3

3.0

4.0

3.1

3.0

2.0

2.6

2.6

3.5

3.9

3.8
-—

4.6

4.7

5.9

4.1

3.3

6.9
-—

—

---

—

—-
—
—

—
—-

-—

---
-—

6.7

-—

4.5

3.9

4.1

4.7

5.0

3.9

5.3

3.8

3.3

2.6

3.3

3.5

3.5

3.6

4.0

4.2

4.8

4.8

3.7

3.4

4.8

3.5

3.9

3.6

3.7

3.8

3.7

3.6

3.7

3.8

3.0

3.5

3.9

3.9

3.9

4.2

4.3

4.3

(a) Exposed Rongelap (175 rads; 64 peoPlePIUS 3 &I UJO)

1..9

---

2.6

2.1

2.4

2.4

2.6

2.3

3.2

3.2

2.6

2.9

3.1

3.4

3.7

3.7

3.3
-—

3.6

4.6

4.7

3.7

4.6

6.0

---

-—

---

—-

---

--

—

---

-—

---

---

---

---

---

---

---

—-

2.2

---

2.1

1.7

1.9

2.1

2.1

1.B

2.1

2.0

2.0

2.3

2.4

2.1

2.4

2.3

2.2

—-

2.2

2.8

3.1

2.7

3.6

4.0

3.7

2.9

2.6

3.0

3.5

3.0

2.5

2.8

2.6

3.0

2.3

3.1

2.4

2.6

2.5

2.4

2.8

---- ----
---- ----
28.2 22.7

---- ----

27.1 21.3

21.8 19.1

16.8 14.6

13.2 12.9

14.1 12.3

17.9 16.6

29.5 22.0

26.8 20.9

24.6 20.6

22.1 17.5
--— -—-

23.1 18.2
---- ----

26.2 21.7

24.4 20.3

26.6 19.5

30.0 21.4

32.0 22.1

32.5 27.1

32.3 2.4.4

--— -—-

---- 24.6

---- 32.8

--— 23.1

--— 32.8

-— 26.3

—— ——

--— 22.9

—— ——

--— 15.9

--— —

—— 20.3

--— 23.2

--— 22.0

---- 26.B

-—- 23.5

—— 18.4

----
----
24.9

----

21.7

21.8

15.2

10.9

11.8

15.1

22.4

23.2

23.9

21.2

----

20.2
----

24.7

23.2

27.6

25.5

28.1

30.8

27.6

----

27.3

32.1

28.4

37.2

28.5
—-

25.1

--—

19.1

--—

24.6

29.1

26.0

28.7

28.0

20.2

----
----

24.8

----

22.5

21.0

15.3

11.9

12.3

16.0

22.8

23.2

23.1

20.3

----

20.1

24.1

22.6

24.9

24.7
----

----

-.—

----

-—-

--—

-—-

—--

—--

--—

----

——

----

----

----

----

—--

----

----

---- ----
---- ----
---- ----
---- ----
---- ----
---- ----

37.5 43.9

36.3 41.6

37.9 42.2

37.4 42.2

37,8 42.4

37.3 41.8

39.0 43.4

---- ----

---- ----

---- ----

---- ----

---- ---

38.0 41.7

37.5 41.1

38.7 41.2

35.6 38.7

35.6 41.0

---- —--

--— ----

37.6 41.7

3B.5 43.0

39.1 43.7

40.4 63.5

39.9 44.0

38.8 42.7

41.4 44.5

41.5 45.7

---- 46.2

—-- 43.2

---- 42.9

—— 44.3

---- 44.7

---- 41.1

---- 42.0

---- 48.?

----
----
----
----
----
----

39.0

37.5

37.1

36.8

37.4

37.6

38.3

---

—--

----

----

—--

38.2

36.9

38.1

35.4

35.8
----

—--

37.0

39.3

38.4

39.3

37.7

38.3

40.0

39.1

39.9

38.1

38.7

37.0

36.9

36.0

36.6

41.9

---- ----
—-- —--
---- ----
---- ----
—-- ----
---- ----
—-- ----
—-- ----
-----—-
---- ----
—-- ----
---- ----
---- ----
—-- ----
—-- ----
—-- ----
—-- ----
—-- ----
—-- ----
—-- ----
---- ----
—-- ----
—- —--
4.45 4.71

—-- —--

4.54 k.45

4.68 4,67

4.29 4.38

-—- --—

4.65 4.60

—-- -—-

3.B4 4.S2

---- ----

—- 4.26

—-- —--

—- 4.31

---- 4.57

—-- 4.72

---- 4.89

—-- 5.20

—-- 5.60

———

----
----
----
----
----
----
----
----
----
—--
----
----
----
--—
----
--—
----
----
----
----
----
----
----
G.21

-—-

4,11

4.44

4.12

----

3.94
--—

6.00

-—-

3.66

-—-

3.84

4.01

4.15

4.13

&.Ql

‘.06

I

I

W..croscopiccounts first 2 yr. C.aulterelectr.mlc counts yr 3 through18. General Science (t.K3)electroniccounts yr 19 and 20.

●*?tjasemicroscopythrough14 yr. COulter●lectrmic counts 15 through18 yr. GeneralScience (MK4)electroniccounts yr 19 and 20.
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Ii Appendix 6 (continued)

I WC* Neutrophils Lynphoc tes
x

Platelets** liernatocrlt,

1
(X1O-3) (X1O-3) (Xlo- ) (xlo-~) z (~~6,

—
Male Male Female Total Male Male

, P=stex?owre Day <S ~5
Female

~

Male
.s >5

Uale
.5 >5 .10 >10 All A&s

Female
Croup .15 >15 All ABes <15 >15 All Ages

I
I

3

i

lo

12

15

13

22

.25

30

33

39

43

47

51

5f0

6- survey

l-j-rsurvey

2-3T Suney

3-T survey

4-T survey

5-.yrsurvey

6-T survey

7-T survey

8-yr survey

9-yr survey

10-yr survey

11-P survey

12-77 survey

13-,7 SulVey

l+r survey

E.--yrSurvey

16-7r survey

17-7r survey

1%~ survey

19-m survey*C

19-yrsurveySep

20-yr surveyMar

20-fl surveySep

6.0 7.0

S.5 6.8

6.3 1.3

6.3 7.6

7.1 7.0

6.8 7.8

8.9 9.7

8.4 7 0

9.6 S.6

7.7 7.8

7.5 6.2

6.9 6.5

7.3 6.7

8.4 6.3

4.6 6.3

7.7 6.5

11.1 7.8

11.0 9.1

12.1 7.0

11.5 7.5

-— 9.7

-—- 7.3

. 7.7

-—- 6.5

—— 7.1

—— 7.5

—- 7.1

.— 6.2

--- 6.4

— 5.6

.-— 5.8

-— 6.4

--— 6.7

—-- 7.5

--— 7.1

---- 7.1

--— 7.6

-—- 6.6

(b) AilingnaeGroup (69 rads; 18 peopleplus one in utero)

3.0 5.0
--- ___

4.2 4.2

1.8 4.7

2.3 6.5

2.9 5.o

5.3 5.4

4.8 4.4

5.3 6.2

3.3 5.2

2.9 4.2

2.7 3.6

3.5 3.8

3.8 3.6

2.8 3.5

4.8 3.9

4.2 4.7

4.9 5.1

5.5 3.9

2.8 3.7

--- 5.1

--- 3.6<

-— 4.1

--- 3.4

--- 4.0

--- 3.6
--- 3.8
--- 3.3

--- 3.0

--- 3.8
--- 3.2

-— 4.0

-— 3.4

--- 4.6

—- 3.7

--- 3.9

—- 4.6

.— 3.4

2.8 2.2

--— ---

1.9 2.2

3.1 2.2

~.~ 2.2

3.5 2.4

2.7 2.9

3.2 2.2

3.7 2.0

3.5 2.2

4.7 1.9

3.9 2.7

3.4 2.7

4.0 2.2

3.2 2.5

2,7 2.2

6.5 5.6

4.8 3.2

5.6 2.6

7.0 3.3

--- 3.7
--- 3.0
--- 3.1
-— 2.6
--- 2.4

--- 3.1
_— 2.7

--- 2.3

-— 2.9

--- 2.2
--- 2.2

--- 2.0

--- 2.6

--- 2.2

--- 2.3

--- 2.2

--- 2.0
--- 2..4

---- ----
--—— ----
22.5 22.6

--------

29.0 20.2

27.5 21.7

23.5 17.0

20.0 13.8

19.5 12.8

24.0 15.8

26.5 20.8

28.0 19.6

27.0 20.0

32.0 18.2

37.0 19.8

25.2 19.2

38.7 21.4

51.2 17.4

40.8 22.4

33.2 24.7

&o.9 26.3

--— ----

---- 25.6
—-- 33.4
---- 23.5
---- 32.4
---- 33.5
---- ---

---- 20.7
---- -—-

---- 17.2
--- -—

---- 17.2
--— 19.5
---- 24.0

—— 24.1
--— 24.9
---- 17.2

----
----
20.9

----

24.6

24.9

22.9

17.h

18.2

22.1

27.0

25.3

26.1

25.0

23.S

23.9

28.3

26.4

31.2

33.6

26.8

--—

28.1

32.7

23.6

41.5

3b.7
----

22.8

--—

21.4

----

28.4

33.0

25.1

26.2

30.1

19.8

----
----
21.5

----

23.9

24.3

21.3

16.7

16,8

17.6

25.2

24.0

24.5

23.9

24.2

22.7

27.5

26.7

—--

----

----

----

—--

----

----

----

----

----

----

----

----

—--

—--

----

----

----

----

----

---- ----
---- ----
---- ----
---- ----
---- ----
--------

37.5 43.3

36.5 43.2

36.0 44.6

35.5 43.8

35.0 45.6

36.0 45.2

---- 46.5

---- —--

---- ----

37.5 40.1

33.0 44.6

35.7 44.4

37.5 40.6

36.1 63.1

---- ----

---- --—

36.0 44.2

37.0 42.5

36.0 44.0

37.0 43.0

37.5 46.0

38.5 44.2

36.0 43.6

38.0 46.5
---- 45.0

---- 40.6

---- 43.4

---- 42.5

—-- 38.7
---- 42.1

—-- 44.4

---- 50.6

----
----
----
----
—--
—--
39.2

36.8

36.7

37.3

37.4

36.8

40.2

----

—--

37.3

36.2

37.5

35.6

3.5.7
----

—--

37.0

31.8

38.3

38.3

37.6

37.8

36.5

39.3

35.6

38.0

35.5

35.5

38.6

38.9

35.2

.io.4

—--
—--
----
—--
—--
----
----
—--
----
----
----
—--
—--
—--
----
—--
—--
—.-

—.
4.46

——

4.56

4.51

3.17

4.33

—--

3.84

—--

—--

—--

—--

—--

—--

----

—-

—-

----
----
----
----
----
----
—--
—--
----
----

—--
----
----
—--
—--
——
----
—--
----

5.15
—--

5.11

5.12

4.69
-—

5.09
——

4.98
—--

6.67
—--

4.33

5.01

4.54

4.92

6.30

5.64

—
---
----
-- _
—-
—-
---
—-
—--
---
——
---
—-
—
—--
—-
---
-—
---
—--
4.31

---

4.19

4.35

4.10

---

4.11

—-

4.14

——

3.59

---

3.81

4.29

4.11

4.55

4.34

4.50
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Appendix6 (continued)

WC* Neutrophils Lynphoc tes
J

Platelets** HematOcrit,
(X1O-3) (X1O-3) (Xlo- ) (xlo-~) x (x%6)

Male Male Fer~le Total Male Male Female wale Uale Feaale
?mtexposure Day <5 >5 <5 ,5 .5 >5 .10 ~lo All Ages Croup .15 >15 All Ages <15 >15 All Ag4s

(c) Utirik Group (14 rads; 158 people)

~ 9.4 8.2 4.7 4.2 4.9 3.2 ---- ‘--- ‘--- ‘--- ‘--- ‘--- ‘--- ‘-- ‘--- ----

14 10.0 8.6 4.1 3.2 5.1 2.9 ---- ---- ---- ---- ---- ---- ---- —-- ---- —--

19 --— --- --- —- --- --- 38.9 28.1 35.6 ---- 39.9 ---- ---- —-- ---- -—-

29 10.1 9.7 4.9 5.8 4.8 3.2 34.5 25.6 31.7 ---- 39.9 45.1 39.4 —-- ----- ----

3-yr survey 9.8 6.9 4.0 3.4 ~.~ 2.9 3z.6 26.9 33.0 ---- 35.6 41.0 35.9 —-- ---- ----

9-F survey —-- 7.6 --- 3.9 --- 3.o ---- 35.6 33.9 ---- 37.9 62.4 37.7 4.42 4.39 4.12

12-yrsurvey ---- 8.1 --- 4.5 --- 3.o ---- ---- ---- ---- 39.8 45.1 39.9 ---- ---- ——

IS-V sumey —-- 1.5 --- 3.8 --- 3.z ---- ---- ---- —-- ---- 45.5 39.5 ---- ---- ——

18-19-yrsurvey --— 8.1 --- 4.6 --- 2.5 ---- 24.6 33.6 ---- ---- 43.4 38.0 ---- 4.64 4.15

?AjurO controls 13.2 9.7

xi[a cont.. 6-mO 10.7 7.6

Zica cent. l-yr --— ---

Rica cent. 2-yr 14.0 8.9

Rang.cant 3-Yr 9.8 6.9

Rong.cent 4-yr 11.2 8.0

ROng. cent 5-yr 13.7 10.1

YOng.Cent 7-yr ---- 7.8

?.ong. cmt 8-yr -—- 7.7

?ang.coat 9-yr --— 7.7

P.mg.cent 10-yr ---- 9.1

ROng.cent 11-yr ---- 7.3

P.mg.cone 13-yr ---- 7.3

?.ong.cmt 15-P -—- 6.6

Wng. cent 17,
18-yr ---- 7.5

?nng.cone 19-yr ---- 7.9

%ng. cent 20 Sep
b nar ---- 1.3

4.8 4.8

5.4 5.2

--- —-

7.0 4.4

4.0 3.4

4.0 3.6

6.2 5.2

--- 4.2

-— 4.2

--- 3.9
--- 4.8

--- 3.9
--- 3.9
--- 3.1

--- 3.9

--- 4.2

--- 4,1

(d) UnexposedRangelapControls

7.4 4.L .41.2 25.8 36.5 33.4

4.7 3.7 35.0 27.3 30.9 30.4

--- --- 37.5 24.5 29.4 27.6

5.6 3.6 35.5 24.2 31.2 29.5

4.7 2.9 32.6 26.9 30.0 ----

6.2 3.7 38.8 30.7 34.0 ----

6.2 4.1 35.8 28.0 33.6 ----

--- 3.1 ---- 28.5 31.$ ----
--- 2.9 -—- 34.0 34.5 ----
--- 3.1 --— 29.1 32.5 ----
--- 3.5 ---- 35.4 37.9 ----

-— 2.8 --— 28.1 28.3 ----

--- 2.7 --— 25.8 26.0 ----
--- 2.9 --— l?.1 20.7 ----

--- 3.1 ---- 21.6 26.6 ----

--- 2.7 --— 22.6 27.6 ----

--- 2.4 ---- 24.1 26.1 ----

39.6 46.0

---- ----

---- -—-

38.9 42.1

35.6 41.0

35.5 42.8

—-- ----

37.2 44.4

38.3 44.1

39.4 43.8

37.4 44.1

39.6 44.4

39.8 44.3
---- 46.7

---- 45.1

---- 42.8

--— 42.3

39.9
—--

----

39.8

35.9

35.1

—--

37.0

39.0

38.3

38.3

37.6

39.0

39.9

38.2

37.2

36.6

—-- ----
—-- -—-
—-- —--
---- ----
—-- —--
—— ——
4.60 4.80

4.52 4.68

4.60 4.90

4.33 4.50

---- —--

4.65 4.71

4.26 4.43

—-- 4.36

—-- 4.47

---- 4.63

—-- 5.14

——
——
-—
——
—--
—--
4.40

C.12

4.47

4.13

——

4.L4

4.04

3.76

3.96

4.22

4.74
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Appendix 7

Pediatric Anthropometric Data (Height and Weight), 1970-1974

1970 1971 1972 1973 1974

Subject Age at Ht Wt Ht Wt Ht Wt Ht Wt Ht Wt
h’o. & sex exposure cm lb cm lb cm lb cm lb cm lb

-.

128

Kongclap exposed

83 M
84 M
83 M
86 F
MM
65F

5M
3M
2M
6 M“

33 F
8 F*

42 F
21 F
!7 F
23 M
32 M
69 F

in utero

11 ,1

1, ,,

II

1 ;’
ly 2m
14
15
14
14
17
18
3
3
34
35
36
37

Date
of birth

164.5
161.2
158.8

126

99

164.5

162.0 110
96

167.9 170

151.0 109
159.0 136
167.6 134
160.8

158.5 150

161.0

172.0

154.0
153.0

150.4 94 150.4
167.6
146.7

146.0 146.4
154.0 157.9
167.6 124

159.3

86
98

151

147.0
151.0
159.5

147.0
110
122 159.5
128 167.6

160.8
160.5

154.0
149.0
150.8

100 149.4

132
156

159.0

165,5
171.0
163.0 138

Rongelap
uncxpascd

805 F
811F
812F
813M
814 M
815 M
817M
818 M
879 F
909 F
911F
912 M
925 F
926 F
955 F
960 F
978 F
980 F
981 M
996 F

2/25/54
2/14/54
2/ /54
1/ 2/54
4/ 5/52
5/ 4/50

10/19/50
3/ 4/51
4/ /54
3/11/50
3/ 8/53
6/ 1/53
5/ 4/50
2/26/51
5/1 1/52

12/ 5/51
10/20/50
10/ 3/52
8/ 8/54
1/16/53

158.5
147.6
157.3
164.0

158.5
148.0

142
109
121114

161.0
166.7

177.0
150.5150.5

144.4
146.5 148.0

163.0
149.4

158.7
153.0

161.0
147.7

●Aihgnae.
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1

Apgmndix8

S.- IodinoLavals in Narahallasa,1958-1974

soy: Plainndarc ●ra T~ vsluma;●rrow indlcat*achugs in TA with TSH:
TSH - chproidstimulatinghormona;numbersin parenthesesare PBI values;
S lndicatma●urgary;TR indicataab*8i~lW of hotmonetreacmant.

Subj&cc A~a at
SO. b sax upoaura DiaBuostm 195S-61 1962 1963 196b 1’ 196S 1966 1967 1968 1969 1970 1971 1972 1973 1974

pos.dWith Thp?oidLasionsRongelq

83 !.!

3 !!

SY

33 ?

54 ?s

65 P

2 x

17 ?

19 3

21 Y

42 F

23 n

69 ?

77. F

1s P

20 !4

36 M

61 F

75 ?

67 F

18 F

40 M

66 ?

56 F

In utero Benisu.— (.8.1)
(2nd tri) sdm-s

(7.4)

(7.2)

(4.6)

(6.7)

(7.7)

(8.8)

(10.3)

(7.8)

(6.6) 7.s 6.7 6.2+8.6
Tsli7.0 s

1

1

1

1

1

2

3

3

3

3

4

6

6

7

7

7

8

12

16

21

29

30

66

Hyxed~ (8.s)

Hyxnd@ma

Mnign
●daaomaa

Beni~
adanomms

Bmi~ (7.1)
●denom8a

Baoign (8.0)
sdsnomas

sant~
●da-

BaIJi~ (6.4)
&s*noua (4. 1)

Benign (7.4)
●danomaa

Beai~
adenms

Beni~ (9.6)
ad*nOmam

BmiP (12.2)
dmmas

Carci- (s.2)

BeaiBu (12.8)
a6*n0M*

BaalBu (7.0)
●denow

BaaiBII (10.6)
●dmmas

Bmi~ (11.4)
●dmwms

Benlgm
ndmoms

%.duh
0.5 cm,
le. lobs
carcinoma

B*nlgn (7.0)
adan~s

Carcinoma

Benign
adenomso

(1.9)

(2.s)

(7.1)

(7.8)

(s.8)

(10.2)

(7.1)

(5.6)

(9.0)

(8.7)

(1.4) (3.2)
1.3 1,6

(2.5) (3.1)
(2 1)(1.9) 2.9

5.9

1.8

2.0 3.3 (;.:)

(0.8)
3.3

(6.1)

(7.9)
9.0

10.5

7.8

(4.2)
6.1

(8.2)
15.9

6.5

10.3
(7.3)

(0.6)
3.3

(;:;)

(2.8)

(:::)

(:.:)

(10.0)

(9.1)

15.5
(10,?)

8.0

(7.0)
12.4

5.9.4.1 6.7 S.9
12.s TSR<2.5
TSIS81
1.3 2.5 0
1.6 TB7179.0 TSH 376

TSH 163
22.3 3.7 7.4

TSII6.8

9.6 6.5
TSIIS.2

Died Nov 72
16.9 1.s 1.0

TSU 215 TSH 243

12.0 14.9 15.3
TSH<2.5

6.3 23,2 15.1
TSR 2.0

9.1 13.4 3.6
TBU 3.4 TSU 32

16.9 12.6+14.3 19.9
TSH 1.3 11.9

2.7
TSSI12.5

1.6 1.6 3.6
TsH 1.7

(7.0) (6.2)
(5.6)S
7.3.5.01
(5 o)(8.3) 7.0

.1+7.6 {~~;]S
(7.0)

(7.9) (:::)
(j.;)S 4.2

(2:3) (1.s)
<0.8

(7.7)
3.3

(0.7) (1.3)
<0.8

(5.0)
(6.5)s
7.8,7.3

10.3 9.3 10.1
TSH 32.0I

I

I

I

I

I

I

I

I

1

7.8

3.7

7.5
s

(s.7)
5.0

7.8 (10.7)
4.2 3.7

4.2 9.6

1.7
TS7S11S

(6.8)

(8.1)

(10.2)

2.3

5.4

2.6

13.8
Tsil<l

6.9
TSII<l

12.8
TSS 1.1

17.b
Tsn<l

7.s
TSII16

10.1
s

1.3 8.5

9.8 (14,1)
11.9

7.3 2.3
s

11.4 15.s 10.1
TSE.2.5

3.7 3.9 2.8 5.1
1.6 TSH 81.0TSH 62

TSH 36.0
20.3 9.8 6.6

TSSS<2.5
(7.1) (5.7)

(2.8)
2.s

(5.3)

11.1
WI 10

4.9

6.3

6.0

10.7

4.2

9.0

2.9

1.3,0.3
0.2

mI@2f313
S.6

o
TSE 69

.0.4
TSll 116

9.8
T3H<1

s

(9.5)
6.3 S

8.0

4.2
s

(11.6)
6.2

(8.1)

(6.8)

6.3
10.2 s

13.0

(10.3)
6.8

(6.4) 7.7 11.3
TSH 9.2

(5.5)

(2.7)

(11.5)

(7.2)
(:.:)s
.

14.0 7.0 13.9
TSO2.7

8.9
TSH<l

1.3
TSSI15

4.6
‘Ml 2.s

23.0
TSH 5.6

7.4
TSH 2.7

(4.2) 4.2
(4.2)
7.0

(4.1)

(6.4)

(4.7)

(6.6)

:11.7)

:10.3)

4.9,4.7
5.0

TSIS24
16.0

10.0 2.5
TSE<2.S TSII59

(8.3)
(7.5)s
7.3,8.0
(4.s)

12.4 4.1

18.9 22.0
s 23.3

11.9 6.5 9.6
TSH 1.35

9.9 0.4 17.8
TsH 110

10.9
TSH<l

12.7 7.2 7.0
TSR<2.5 9.6 S

7.8
TSH 2.6

(10.7) (12.0) :10.0) 3.3 3.3
(7.5)s
5.5

S.6 7.6 10.6
TSH>60;
172

9.*7.5
TSR 1,2

Died 62

- 111 -



@pdix 8 (conciauad)

Tn
SUbjact .@ ●t

4 SO. s .ex exp.asura DiaPOSiS 1958-61 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 197b

SOngalSp&pomd WithoutThyroidLemiOna

83 3

86 ?

32 !4

47 3

76 !S

26 !S

Zh F

35 !4

49 Y

74 T

22 ?

39 r

12 F

73 !i

37 !4

9 S!

10 !s

14 H

2? x

77 x

71 P

66 F

7 !4

ej F

78 F

In utero.—
(lsc tri)

In utero
(lsctri)

3

8

11

(12.0) (9.2) ‘(6.2)

(10.8) (8.7)

(8.4) (7.9)

(7.4)

Ofed 62

(6.o)

(10.4)

(13.6) (9.3)

(10.0)
(9.7) ,

(6.6) (8.8)

(11.6)

12

13

13

15

16

17

17

Is

la

20

22

24

25

26

26

28

30

36

36

37

(11.8) (9.5) (12.0)
(7.0)

(10.8) (8.3)

(11.0)

(8.7)

I (4.4)

(4.6)

11.9)

(8.4)

(5.3)

(8.3)

(7.1)

(7.1)
7.9

(8.0)

(7.1)
9.6

(4.6) 4.9 6.5
6.5

(7.2)

(5.6)

20.2

14.5

18.f4

6.7

4.9

(6.2)

5.0

(3.0)

(6.6)
9.6

(6.7)

(6.2)

(10.7)

(11.6)

6.2

(5.8)
8.4

10.7

(6.7)
5.7

(9.3)

(5.3)
8.0

9.4

(4.9)

(4.9)

(10.4)

13.4

(11.9)
16.3

(4.5)

(6.8)

(8.3)

12.2

(8.3)

(7.3)

(4.7)

(11.6)

(12.1)

(9.6)

(5.1)

1.s

10.6

14.2

17.4

9.9

16.6

8.5

9.6

9.9

11.7

14.7

9.0

9.9

9.2

7.2

9.3

6.5

11.9

10.6

14.0

10.1

10.9

10.6

6.1 5.6
T3E<2.3

12. s 9.1
TSK 3.3

6.5

7.4 13.0
TSIS<Z,5

8.2 4.5
TSSI2.9, TSE 3.3
“ 7.0

7.6-11.4
2SSS2.3

7.3
Tm<l

8.4
TSR 7.0

5.4-7.0
Tm 6.1

8.2 18.2 8.2+L2.L
TSU 6.5 15.3 TSB 4.4
“ 2.2
4.7 6.8 5.9-7.8

1S0 3.6 TSR 3.1

7.5 4.8
TSR 3.1 TsE 2.1

10.4 8.2
TSR 1.95;
7.2;16.3
10.2 24.4

1.52+6.0 la.5

8.6 25.6
2s8 6.0 20.4

7.4
Ku 4.8

9.7 6.5
Tsls<l.o

5.2 15.3
TSIA.Z.5

5.7 11.4
T5u 1.9 10.2

16.6 8.9
TSR.2.5

6.2
TSSI2,6

18.2 15.6
Tse 1.4

13.6

3.5
TSS 2.7

8.3-11.s
m 5,1

6.3-8.7
TSR 4.4

7.8+12.0
Wd 2.3

4.64.6
‘KU 2.6

4.3-3.3
ma 6.5

9.2-12.8
T511<L

6.7
TSE 3.0

7.s
Tssi2.1

5.3
3’s82.8

5.2 3.3 4.2
‘ISIS11.6 TSH 7.0 ?S8 10.3

21.8 10.7 7.0+.4
TSSI3.5 TSE 3.1

8.9 7.1 4.7-s.3
?S0 2.3 TSH 2.1

10.7 18.0 8.2
TS1l.2.5 TW 6.3

22.0 15.4 5.2-S.7
TSS 6.5
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Appmdix 8 (conciau*d)

TR
s.+;●:: Age ●t
SO. & scx e~osure Dhgnosi8 195S-61 1962 1963 1964 1965 1966 1967 196S 1969 1970 1971 1972 1973 1976

RongtlapExpoaedlUithoucThyroidLesions(continued)

(5.7) 11.1 7.3 12.0 6.W7.8
T3M 6.o Isa 7.0

(8.4) 13.8 TSE 1.7

38 (8.6)

39

42 Diad 56

44

4s

k6

50

50

56

56

57

38

59

59

69

15

76

100

b Y

?3 Y.

25 !4

63 !i

3s?

90 X

W Y

11 !!

52 ?

60 ?

52 ?

13 ?

58 ?

3DF

ia x

5s E

L6 x

57 T

7.5 9.4 7.0

7.5 10.6 5.9

(9.3) 16.9 14.2
TSH 1.2

10.5 0.910.4
TSU 6.0
Dia3 74

13.1 7.1+10.6
TSiJ6.3

(10.4) 21.3 15.9
TSM 1.9

(8.2) a.5 12.7
TSH 1.6

9.2 a.1+.l
Tsn3.0

(B.6)

(10.6) (11.0)

(6a) 12.7 11.2
Tssl1.4

9.6 5.6
TSH 3.8

(8.4) 25.7 6.1 10.8
TS.92.7

12.1 6.8
Tsn 3.9

Died 63

(10.8) (S.6) 9.0 TSR 6.4
Died 12

Did 59

5.5 6.3

(9.2)(a.6)

Diwd 62

Died 57

(9.9) 16.0 15.3 8.8 a.z
TsE<2.S TsH 5.3

6.2 5.4
Died 66

Died 62

Nllasnam ExposadWith Thyroid LQsfous

(9.0) (5.7) (s.4) e.a 6.7 (5.7)
6.5 10.7

7.a-15.4 12.2
?sss 2.0 s 11.9

14.0
Tsu<l

53 ? a Mass 0.5 (a.z)
cm, It.lob-
73, sec. 74

51 7 25 Benign
●feaoms

(8.5) 5.2 (s.3) 14.0
12.4 5.4

(9.7) 6.5

7.4 9.4
TW<l

7.1 6.3
T3E 2.6

3.4
6.9+9.1S
ma 3.9
6.6

1ss 1.7
55 ? 32 Benign

ad*acmam
(9.1) (8.4) (4.9) 9.0 3.7

5.5 s
TSU 4.9

5.6 4.5
TW 2.7 TSIS<5.O

(6.7) (6.2) S.S 6.0-9.4
TSSIh.b

53 F .44 Benign (9a)
adenOw*

(11.0) (S.6) (6.4) 9.6 11.6
(1:.;) 7.3 s Died 68

a.L
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Appandix8 (cont~nu-d)

1972 1973 1974
subj*cc As* ●t
S0. 6 S*X cmosura Diqnoslt 1958-61 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

AflingnaoExpo8d WithoutThyroidLesions

In -o
72nd tri)

(9.3) (6.2)
5.9

64!4

6s4

44 M

48 ?

al ?

70 ?

31 M

50 U

16 M

1?

29 n

43 F

28 ?

(4.0)
1.7

7.s

(7.8)
12.4

(;.;)

(6.8)

(5.0)

(6.6)

9.6

6.2

9.6

7.5

8.o

10.7
Dtad 71

7.7

8.3

6.7

1

4

6

8

15

31

34

39

54

65

67

68

(10.7) (9.7) (7.9) 13.8 (5.0) 3.6 6.2
(8.7) 7.2-7.9 5.9

(7.9) (4.7)
7.8

a.4-14.4 7.2 6.8-8.3
TS612.6 TSSI3.9

s.a
TSU 4.2

(10.2)
(6.7)

E~rtrophy (8.8)
tc. 74

(7.0)

11.9 7.6 7.2+12.2
Tssl 3.0 TSli 3.2

3.9 5.*7.8
5.2;2.4 TSII7.3 TSli 1.$
m 2.0;5.9

8.3 4.? 7.%11. s
lSll 2.8 TSSIC5.O T5111.5

7.8 9.6 (7.3)

4.4

Xeurofibroma
M ck

Died 513

(8.7) 6.7 7.0
s

(9.2) (10.1)

5.1 3.7 6.4+6.3
KM 5.0 TSH6.0 TSU5.3

(12 .0) (9.4) a.1 S.9 5.1
rsn 2.3 ml? L.4

Died 66

Died 65

Died 65

UtirikSrposadWith Thpoid La#ions

2229 ? 20 Carci00m9
(papilh-y) s I 2.5 5.9

TSH10.8
“ 13.7

3.9
6.2 s

T3E<5.O
9.3 3.7

TSH3.1 6.3 S

5.5
TSli 1.4

4.4
Tsn 9.8

220a F 35 Bellip
adeacu

2194 F 37 Lob&r
shad

8.4.

i.omd?)
225a n 47 Uodula Died 70

2182 ? 52 soda 4.3
5.6

6.9

2221 ? 54 sm. ar.dldo 4.4;5.2 I
rc. lob- TsHf5. O s
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App*ndiX E (continu*4

;Aject Age s?.
12

!?>.b SeX •~09UC9 Diqnosis 1958-61 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

I

338

529

Ml

?45

310

922

:307

a56

s9e

F

?

?

!s

!s

3s

n

?

T

Benign
ada-

Posaib h
nodule

Nodule
0.5 cm,
rt.

Firm u9a*
nodula

sm.moduza.
le. lob-

Large g0ic9c,
soft, mvablo

N06u2* 0.5 cm
lt.

(8.6) (7.1)

Ronp,@lapUnaxposd With ThyroidLasions I
(5.6) (3.9) 5.2 6.o

s

5.7 3.0:5.2 6.1
ma 5.6 STSU 1.9

9.6 12.2
s

9.2

5.0

6..s

6.5

6.5

Died 73

S.9
Died 73

.
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Appendix 9

A. UrLnarv Iodine Excretion

24-hr 24-hr
output I, pg/ml I, pg/24 hr output I, vg/ml I, pg124 hr

700 0.105 73 1380 0.090 124
700 0.133 93 1160 0.022 25
840 0.162 136 530 0.129 68
740 0.145 107 840 0.112 94
840 0.104 87 800 0.333 266

1190 0.121 144 580 0.275 160
1230 0.214 263 540 0.136 73
1050 0.207 217 680 0.097 66
780 0.305 238 620 0.069 43

~=126.7?74.5

B. Dietary lodi.ne (Recommended intake: 50 to 75 Ugjdav)

Estimated I
Sample Total wt., Total 1, intake,

meal No. g Contents ug/meal ug/day

1 443 Breadfruit
Clam
Rice
Cocoanut

430 Breadfruit
octopus

3oil Clam
Pandanus
Cocoanut

255 Pandanus
octopus
Arrowroot

294 Pandanus
octopus
Arrowroot

236 Pandanus
octopus

610 Pandanus
Arrowroot

60.9

35.4

41.8

20.7

23.5

19.3

36.1

Y=34.0*14.7

152

88

104

52

59

48

90

84.7?36.6
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Appendix 9 (continued)

c. Data on Principle Isotopes of iodine contributing to Thyroid Dose

(From “Inhalation of Radioiodine from Fallout:
Hazards and Countermeasures” by R. Cole137)

E MeV
Relative Range in 50Z-Dose

max’ abundance, 2 tissue, urn radius,* urn

Iodine-131 Betas

0.246 2.2

0.332 10.6

0.606 86.4
0.807 0.8

Iodine-132 Betas

1,000 150
2,100 310

0.681
0.934
1.150
1.583
2.111

0.49

1.34

0.87
1.55
2.65
3.51

15
20

22

22

21

7
93

5
65
25

5

0.40 35

1.00 40

1.43 25

2,500 375
3,900 625
5,400 920
8,400 1,500
11,900 2,400

Iodine-133 Betas

Iodine-134 Betas

6,800 1,200

1,460
3,300

8,100
15,800

Iodine-135 Betaa

1,300 195

4,300 690
7,300 1,300

*The 50%-doSe radius is defined, for a point source in tissue, as the distance

within which 50% of the dose, for that energy, is distributed.
**Since this isotope with 53-rein half-life iS important only for about 6 hr, it

was not considered in the ?larshallese thyroid dose calculations.
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Appendix 10

Hospital Records of Thyroid Cases, 1972-1974

Rongelap 75
NOWIIALOf 7N~MEDICALR~S~ARCNCENTER,

MOOKNAVEtJ NATIONAL LA8ORA1ORY
Ww

U91ON,N[W ?ORK!1973 08-42-33 R

&w Co& 516YAphank&4142 (UNITNo.)

OISCHARGESUWARY I
ADMX’ITSD: 7 November 1972 DISCHARGED: 13 November 1972

‘Ibis 29-year-old Marshalleae lady was
admitted to this llosp~tal for evaluation

of thyroid ncdulartty and physical status for thyroid surgery.

US’N)RY OF PRESENT ILLNESS: She was brought to this Hospital from
the Marshall Islands uith another

Rongelap girl who also had thyroid modularity. Both had been exposed to radio-
active fallout in 1954. lhey were accompanied by a t4ershallese interpreter.
Thorough thyroid etudies and evaluation of her general physical status prior to
surgery were carried cut.

Before the detection of hor thyroid
abnorumlity in Septamhr 1972, the

thyroid examination have always baen negative and ehe had always appeared euthyrold
with nornml thyroxin levels. The patient was exposed to a whole body dose of
175 rads of game radiation and the thyroid gland received an estimated dose of
500 rads, largely from absorption of radioiodinae in the fallout.

Following har exposure to fallout, the
patient experfanced sli&t nausea and

some itching and burning of the skin. She developed superlcial beta burns over
parts of her body which healed within a few months. She also had transitory
platelat depression and mild leukocyta depressl.on which returned to normal levels
within a year. Until the development of thyroid lesions, her past history had
been generally negative except for the occurrence of virus pneumonia as a child.
Her grwth and development had been normal and she has hsd six normal deliveriae
and one ❑iscarriage. Her FAMILYand SOCIAL EIS’KIRY were noncontributory.

PHYSICALEMN4TIOI’J:—— —-—— .. ~.e patient is a well-developed and
well-ncurished, alert and cooperative

individ&. Except for thyroid findfnga, the physical elimination was essentially
negativa. lhe thyroid examination revealed a 2-cm mass in the upper right lobe
which was nom-tender ●nd only moderately hard. ‘lhelmser part of the right lobe
wae aolarged but tho left lobe was barely palpable. No nodee were palpated
except for ● smell on. in the poeterior cervical chain.

IABoRAToRlr & X-RAY Mm: Ihyroid scan with 9%c shwed both
functioning and non-functioning nodules

in the right lob. of the ~land. T4 level was normal (8.3 Kg%) and shwed ood
incruse after TSR stinmlaticn. Before TSHadmintstration (10 units) the f231

uptake was 39.9% and after the administration of the hormone the uptake was 55.5%.
Thyroxin levels will be recorded later. BMR and cholesterol were normal. The
remainder of tha Laboratory and X-my Workup was negative, except for the
presance of trichurfe trlchuria and ascaris lumbricoides in the stools.

-I-

B* noA
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NOSPIIAL OF hill MELK4L RESEARCN CENTQ

BROOKNAVfN NATIONAL LABORATORY

U9TON, NEW YORK 11973

A,- CdP 516, YAphmk 4-6262

OISCHARGESUMMARY

Rongelap 75

(NAME)

08-42-33 R
[UNIT NO.]

HOSPITAL COURSE: Her hospital course here was uneventful
and she wae found to be In good condition

for eurgery. Prior to discharge the patient was given 25 KU 1311 to ensure

ccmpleto removal of thyroid tiesue in case complete thyroidectomy was indicated
in the eventuality of amlignency. She was discharged 13 November and transferred
to Cleveland Metropolitan General Hospital.

At the above hospital on 14 November 1972
thyroid surgery was performed by h..

Brown Dobyns. &ossly both lobes of the gland were found to be multinodular.
The ri~t lobe exhibited a 1.5 - 2 cm. nodule in the upper part of the lobe and a
s~ller nodule in the lower part. lhe left lobe was filled with smaller nodules.
Both lobes were removed and a s-11 nodule wae excised from the isthaua and the
r-indor of the isthms was left intact. Microscopic examination revealed num-
erous benign, adenrmetoue nodules with prominent microfollicular areas in both
lobee. Recwery frm eurgery was uneventful and the wound wae healing nicely
when the was discharged for return to the Msrshall Islands on 19 November 1972.
Dstails of her hoepitelization in Cleveland, including surgical and Pathological
reports, are attached.

FINAL DIA~SIS$ .’ Benign adenomatoue nodules of the
thyroid gLand.

DISCTIARGEMEDI*TI~. Ihe patient wae ●dvised to continue
taking her thyroxin medication

(Symthroid) rigorously. ,A copy of the Hoepital Buamery and advice about post-
surgical treatment ● s well se treatment of her intestinal parasites is being
forwarded to the practitioner ● t the mjuro Hospital in the Marshall Islande.
Thepatient will also be carefully followed up on subsequent medical surveye.

. .
.. .., .-’“ ,,

,,,, :1.. ..,.:..., ,..;...,.. ,,. ~.,,,:.:.,..’.- ,’
.........# -.-,”..-.+. ..~4,.r., - :,.:,,,*,-,,....
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,!.=.,.,..e. :....,..,. ,,:;.:~. ,;:...,:.+...._.. ., ....}..,. .;,.,.<...:,.. ..... ,.;;
,,,.,..... --------,,.. ;.-..>.,,. ...~:-7..””‘- ‘$+=={

: :+ .7;,!:”. ~::y$g.$-,, ? ‘.,,~.:>i?”:,...-. w:.% ?
-..\...-:- !.i...:- ..,.”*’.:;’+’; ‘~1.,: .-,-~:. : ...<.$.,->:: ,-t -i.’.. <..’. .!,! ...:. . ,.,..s.3.;:::.:.- ;.-;, “.+,.;..’:.J. :---~ . .

Cfh ‘,.~? - ~+ ~;.. . .:., .. ..
.;,, ,. . ..- ,,- 1

Receivedx 12/21/72 “.”“.-
&pad: -- 12/21/72- - ‘.’~- .,,,.

.- ...‘,.%
....-,-,,\.. ,. ,“

POge20f2., ,.
,,

,..

BP4Lnm .-. $

.,

.,

t
,

- 119 -



..

NOSPITAL OF TNE MEDICAL RESEARCN CEN1OL

BROOKNAVEN NATIONAL LABORATORY

UPTON, NEW YORK 11973

Amm Ccdo S16 YAphmk 4-6262

Rongelap 8

{NAME)

08-42-34 R
IUNITNO.]

OISCHARGESUMMARY
I i

i
ADMITTED: 7 November1972 DISCHARGED: 13 November1972

‘l’his 19-yeer-old Msrshallese girl was
admitted to thie Hospital for evaluation

of thyroid modularity and physical condition prior to thyroid surgery.

MEDICALHISTORY: Examinationio September revealed
modularity ~n the rfght upper lobe of the

thyroid gland. One nodule was fairly firm and about 1 cm. in diameter and the
other was swller and soft in consistency. No lymph nodee were palpated, and the
patient appeared to be euthyroid. Previous exams over the past 18 years have not
revealed any thyroid abnormalities and she has alwaye appeared euthyroid with
thyroxin levels in the normal range. During the September 1972 examination she
was noted to be anamic$ cause unknown.

She waa 17 montbof age ● t the time
of expoeure to fallcut and receivad

an estimated whole-body dose of 69 rads of game radiation and a thyroid dose of
about 500 rads, largely from absorption of radioiodinee in the food and water
consumed. ‘Ihieis the firat caee of thyroid modularity in children of this
lower Rongelap exposure group (Ailingnae group).

Immediate effects of fallcut were few:
development of mild superficial beta

burns of the ekin and alight epilation which healed within a few weeks, with normal
regrowth of hair; development of mild platelet depression and leukopenia which
returned to normal levala by one year. Since 1954 she has been in good health
with no significant illnesees or injuries and her growth and development have
been normal. Another eieter, who wae also exposed to fallout, developed benign
thyroid adenometous nodules which were removed surgically several yeara ago.

PHYSIC4LEXAMINATION: ‘Khiaslender girl ia well-developed
and well-nourished. The thyroid

e-imtion revealed the upper part of the right lobe to be irregular with a
soft, 1.5-cm. nodule In the upper pert. lhe left lobe wae barely palpable. No
cervical nodaa were palpated and she appeared to be euthyroid. Ihe renminder
of the Fhyaical Examination wae essentially negative except for a small
pepillcsne in the perineum. .-r.

LABORATORY& x-RAY MTA: lttyrnidecans using ‘g-c shwed
modularity with reduced function in

the upper right lobe. T6 level was no-l (9.3 pg%) and showed good increase
after TS?Ietlmulation. m 123x uptake was sl~ghcly elevated and the response

to TSH wae fair. llte Laboratory and X-ray data were otherwise normal except for
the presence of Trichuris Trichuria in the stools.

-1-
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HOSPITAL OF TH~ MEOICA1RESEARCH CENTER.

BROOKHAWN NAnONAL LACIORA1ORY

UP1ON, NEW YORK 11973

A?- Cm+ S16 YAPhaIIk 4-6262

OISCHARGE SUMMARY

Rongelap 8

08-42-34 R

(UNIT NO.)

HOSPIZ4L COURSE: “ Her Hospital course was uneventful and
it was gratifying that in view of

the anemia noted in September, her blood picture was now within no-l limits and
no contraindication to surgery were noted. ‘Ihepatient was givan 25 wCi 1311
prior to discharge to ensure complete removal of thyroid tissue at surgery in the
eventuality of malignancy. She was discharged on 13 November 1972 and transferred
to Clevaland Metropolitan General Hospital.

At Cleveland Metropolitan General
on 14 November 1972, surgery was

performed by Dr. Brown Dobyns. At surgery the right lobe of the thyroid waa

quite nodular with one firm black nodule about 2 cm in diamater in the superior
pole, and smaller ones in the remaindar of the lobe. Iha left lobe appeared
relatively normal. Complete right lobectomy was perfomed and a thorough search
revealed no lymph nodea in the vicinity of tha thyroid gland on either side.
Microscopic examination of tha excisad tiesuaa revealed small area of papillary
carcinonu*. Zhe remainder of the lobe exhibited multiple benign adanmtoue lesions.
Recwery from eurgerywa.s uneventful with no complications. By 19 November 1972, the
wound was haaling nicely and the patiant waa discharged to return to the Marshall
Islande with the interpreter and the othar thyroid patient. A summary of her
Hospitalizations including surgical and pathological reports, at the Cleveland
Metropolitan General Hospital La attached.

FINAL DIA@40SIS: ?Papillary carcinoma of the thyroid.

DISCHARGE MEDI@T’U3H: lhe patient was placed on thyroxin medica-
tion (Synthroid) 2.1 mg weekly.

Follow-up advico and treatment instructions are being forwardad to the practitioner
in charge of her case at the Majuro Hospital in the Marshall Islands. Careful
follw-up exams will be carried out on this girl at the the of our annual
medical exams and at six month intervala. She will also have pariodic exama
at a hospital for thorough thyroid atudiea to rule out extanaion of her disease.

*
Furthar pathological review of the sections ie in progress.

.fzc H%.
Robert & Conard, tILD.

I Received: 12/20/72
~ped: 12]21/72
Cfh Page 2 of 2
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Rongelap 40
NOSPITAL OF lNf M201CAL RESEARCH CENrER.

SNXXNAVtN NATIONAL M20RATORY
(NAA@

UP70N, NEW YOM 11973 08-45- 42R
h Co&516YAphm~4-4262 iUNITNOJ

OISCHARGE SUMMARY

,

~: June 2, 1973 D~: June 10, 1973

l’hia4S-year old Marshallese man
who had been exposed to radioactive

Fallout in 1954 was admftted for evaluation of thyroid modularity and phyeical status
for pomible thyroid eurgery.

Lmx!Bx: A small nodule in the right lobe of the
thyroid was first detected in 1965. He,

~long with other people of Rongelap who had been exposed to radiation had been placad on
kthyrmin treatment and the nodule disappeared on this treatment. However,during tha
?ecent examinations in March, he was again discovered to have a hardened area in the
;ight lobe with indistinct boundaries. No lymphadenopathy was noted. He has alwaya
Lppeared ●uthyroid and hia thyroxin levels have generally been in the normal ran8e, uith
mly one reading slightly elov.

He was axpoaed to 175 rad of gamm
radiation from ●ccidental fallout of 1954

ind his thyroid gland probably received about 330 rads partly from radioactive iodinas
Ibeorbed. Ho had early acute effecte with hemological depreeaion and mild “beta” burns
}f the ●kfn which he recovered from within a year. Examinations over the pact 19 yeara
~a~e revealed only a few findings: The history of yawa in childhood, measles, occaeion-
Lly.bronchitis, one poeaible attack of pneumonia, a fta~ula-in-ano which vas surgically
:orrectad. He has remained in very good health and la a hard worker and leader of hie
Ieoplo. He waa magistrate of the village at tho time of the fallout. Xie wife was
~perated for cancer of the thyroid, three sons for benign thyroid leeions, and 1 son
lied ● t 19 yeare of age with acute leukemia (possible from radiation exposure).

~: fiis well developed, nuscular, alert men
appaared quite healthy and euthyroid. The

:hyrotd findings noted vere the came as were reported above for the March examination.
:he only other findingm were bllateral~:~~~jt~c , missing teeth and gingivitis.

. .. . ,,....

: Thyroid scans ehowed no distinct modularity
... . but slightly increased cize of the right

;obe- b-dioactivm iodko uptake was normal and response to TSH stimulation waa fair.
+6 levels me aot reported yet. Serum was nonreactive for antithyroid globulin anti-
rndies..Chest X-Rayvae normal. Hemogramvas normal. Syphilis aerologywaa reactive
:titerof 4) but this,lw lwel vaa not considered eigntficant in view of hie history
If having had the yawe~” Tests of kidnay function and liver function were normal. Elec-
:rolyteenormal, EKG normal, proteine normal, electrolyte and lipids normal. Stoola
lere positive for whipvorm. . ,.~ . .-,.

,....,
.-..,<+....-.*-.-.=,.-.-..” ......... . ----- .’.”... ,.

~: -- During the 8 daya of his hospital stay,
the patient vae a symptomatic until

:he 5th dayvhen following TSH injection (given the previous day) he developed an
~cute thyrofditis vith 10V grade fever, aaueea, anorexia and slight neutrophilia. Scan
lhowed some enlargement of the gland.. The thyroiditie reduced rapidly and at the

.

.. . .
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Rongsilap40

NOSFI1A1OFTMMCOKXLRE3EARCN C3NTER.

tROOKNAVEN NATIONAL UBORATORY

[NAM)

UFTN NEW YORK 11973 08-45-42R

AnaCo&S16VAti 6-6262 IUNI1~OJ

DISCHARGESUMMARY

-2-

~’

:imeof dischar8e onJMe Ioth, he was smt~ free and his thyroid of no=l size. The
:auae of this episode is unclear.

.: AT the Metropolitan General., .,’”.. . .,
* Hospital thyroid surgery was performed by

)r. B- Dobyne. ” 25 microcurius of 131 iodine were given orally the day before for
sutoradiographic studies of re-ed thyroid tissues. In surgery a firm area waa noted

It the junction of the right lobe and isthmus which contained saveral small nodules and
*lSO several axeaa of nodularlty were noted in iathmue. The lower part of the iethmue

md part of the right lobe were removed. The pathologist reported the lesions benign

tiitlt,varyfngdegrees-ofhyperthrophy, hyperplasia and fibrosis. The patient withstood

theaurgery well ●nd his convalescence was uneventful. He was discharged on June 18th

to return to the Marahall Islands. Copies of thellospital Sunsnary and pathological
teports.from Cleveland incorporated with the

.>-,,., +.:. ..,,

~; :.::;:
. ..=,,. ~:~a..:,: ,. .... .;=:,.,

~: “
. .

.. .

the more heavily expoeed Rongelap group. all

..-. .. ...
-: J.~-
... ..

.:..~
,..’...,,,~:

..” . . .. ,..
.... .. ..- ._

BNL records.

Thyroidlobular hyperplasia and hype~trophy
with slight fibrosis.

Continued treatment with L-th~oxin (3F&
day) ie recomnanded eince he is part of
of whom have been placed on such treatment

. :”:- .. . .. ..,. ,%**-.... . ..
.’,.7., ,.,. ..-,.

. .,,””’..,.. .. . . .. .
. . ...”.. .. ...
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‘R~:~~:= ~ “HOSPlrAL Of W? MEDICAL RESEARCH CENTER.

DISCHARGESUMMARY I

ADMIITED: June 2, 1973 DBCHARCED: June 10, 1973 x

!
This 51-year-old Marshal lese women wss
brought to this Hospital for study of .:

possibla thyroid modularity and evaluation of physical status for thyroid surgery.

“i
MEDICALHISTORY: The examinationin March revealad a I

susplcioua area of firmness about 2.5
centimeters in dhwater in the region of the lower right thyroid pole.

.1

Thera waa
i
.!

uncertainty as to whether it was in the thyroid gland, but because of her radiation ‘!

hhtory It use thought surgical exploration wae indicated. There was no lymph. :~
adenopathy and ehe appeared euthyroid.

i
She wae exposed to fallout radiation in -.

1954, receiving about 69 rada whole-body -
gemnn radiation and about 134 rads to har thyroid gland from absorption of radio-

I

‘,
iodines from tha fall,out. She had mild radiation effacts with elight traneient
hematological depression and superficial beta burns to the skin. She recovered from :)

these effects within the year and in subsequent yeare only minor medical findings f
were noted. Among these were pleural thickening of the right hemidiaphragm, chronic i
endocenicitis, gonorrhea, plngueculae (left) and partial prolapaa of the vaginal &

wall. She has always appeared euthyroid and several thyroxin levels were In tha
i

normal range, tho’ughthe March level was somewhat 10U. i.:

PKYSX& <EX4MDlATION : This lady was well-nourished and somewhaC
overweight. The thyroid examination -t

revealed an area of firmness as descrfbed above, in the lower right thyroid region
;

near tha clavicla. Again, Lt was uncertain aa to whether this was actually thyrofd ~
tissue being palpated. The patient appeared euthyroid and no lymphadenopathy waa
notad. The physical axamLnation was othemise generally negative except for slight ..i
cardiac enlargement and eye findings noted above.

:/‘

..
.::..,.

LABORATORY AND X-WY DATA: The thyroid scana showed no evidence of :

thyroid modularity and the thyroid gland ‘
appeared normal. The RA1 uptake waa normal and the response toma stimulation was -
good. Her,chest x-ray ehowad slight cardiac enlargement and some tenting of the

diaphragm on the right from scarring, probably due to an old inflammatory dlneaaa. :
:.

The hamogram wae nozmal except for a high sedimentation rate (which is frequently
seen in the Marehallese, particularly the woman), The bLood chemietry findfngs .’ 1 “,
were genarally normal. , - ,..,#

.-. .
HosPrTAL COURSE: During her 8-day etay here, she remained

generally asymptomatic except for slight -1
pain in the right ehoulder at night relieved by aspirin, and nasal congestion on

!several occasione which was relieved by nose drops. She was discharged

{

I WA 720A
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DISCHARGE SUMMARY
I

Rongelap 45

iNAMEl

8-45-4LR

(UNITNO.)

I -2-

1 on June 10th, 1973 and transferred to the Cleveland Metropolitan General HeapLtal.

At the Cleveland Metropolitan General
Hospital, on June 12th, surgical exploration

of the thyroid and upper mediastinum wae carried out. No mess was found in the right
lower thyroid region and it was thought that a somewhat thickened lower edge of the
sternocleidomaatoid muecle may have been deceiving. However, a small cyst was
discovered in the lower left pole of the gland which proved to be a degenerating
cystic adenoma. Convalescence was quite uneventful. A summary of the hospitaliza-
tion including surgical and pathological reports at Cleveland is included in her
BNL record.

FINAL DIAGNCS~: Adenoma with cystic degeneration.

DISC~ MEDICATION: On the basis of her thyroid status,
thyroxin treatnmnt is not indicated.

However, a decision is pending as to whether to give thyroxin supplemental treat-
ment in thie grnup of isLanders who received a smaller dose of radiation. She
will havi periodic follow-up examinations including determination of sertna thyroxin
levels at six-month intervals.

/:/&’’7[”- .A:d -

1
;~ —

Robert A.’Conard, M.D.
;
d

RA:bwa
{

Diet: 6/27/73
.:

4
Typed:6/28/73

!
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DISCHARGE SUMMARY
I i.

I
.:~
‘:

AOMITTXD: June 2, 1973 ~: June 10, 1973
!

This 54 year old Marshallesewmen who had
{
I

been exposed to a elight amount of fallout ;
in 1954 was brought to the United Statee and admitted to this hospital for evaluation
of thyroid modularity and phyeical status for possible thyroid surgery. .j

1
4~: . . . . .

Examination, this pact March revealed Z
rather hard maaaee in the right lobe of 1

the thyroid. Theee had not been noted on previous examfnationa. No lymph uodee were :1
palpated ●nd she haa alwaye appeared euthyroid. Her T-4 level 4n”FYaxli wae 3.7 ~. .1

. .
She wan accidentally expoeed in 1954 to,“
about 14 rad of 9~fi_ radfation and an

eetimated dose of 22 rads to the thyroid from fallout while ehe was living on Utirik
Island. She ahoued no affecte to this alight ●xposure. Following her initial exaur
ination shcwas not again ●xamined until 1969 at which time ahe was found to have blood
preseuro readlngt of 20@220/100-110 and a systolic murmer was noted. Also reported
waa an umbilical hernia and a poseible fibroid of the uterum. Her only cc+aplaintshave
been headachee, chronic joint paine, particularlyfof the right arm.

~: Thie intelligent, alert, eomewhat obese
Mershallaee lady ●ppeared to be healthy

and euthyroid. The thyroid findings were as deecribed ●bove for the March examination.
Other findings included invereion of the nipple of the right breaat; enlargement of
the heazt with ● harsh ayetolic wrmur, heard beet over the aorta and PMI areaa; blood
preeeure 180/86 with no evidence of decompensatlon; EXG was within normal limite;
tenderness around the umbilicus though the hernia was not actually palpated; Pelvic
examination revealed 3 small areaa of hyperplaeia of the cervix. ,’

: The thyroid scan ahowed ● poorly function-...,. .- ins nodule in the lower half of the right
lobe. Tbradioactive &odine uptake waa normal and the response to TSR stimulation
waa good.- T-4 report 1S not yet In. Sarum was non-reactive for antithyrold globu@a
antibodies.’: X-Ray of the cheet shrmtedmoderate cardiomegaly and arterfoacleroel.a.
The lungs.were clear. Thehemogram wae normal axcept foc an ESR of 40(high valuee
are noted in.the Marshallese). Serologywae negative. Serm proteins negative, and
●lectrolytes generally normal.. Urine waa negative and ltver and kidney function tests
*O-l..::.:<.;:.’;.> . -.”...7, ... .,- . -’ : ‘,.

... . .-.~+>~,.~’:,’.>.:::”. i, ,7” ‘:~: , :
... .-. :,” -- -..,---. . ,,.,- -“.. ‘-. . ‘.,..-,. .-

....:. -.:.-, .. ... .....~:’”.:,,,’+; ‘:’-,2:: .;’; Duriagher 8-day hospital ;tay, she
-. ?. remained ganerally ~ymptomatic except.,, ,A....T>.x.&..

for eow pafuand stlffneea“~”her right armwhichwaa relieved with aspirin. Rer
appetite was good and ehe wae completely ambulatory. Her blood pressure remained
normal after the alight elevation noted on admiseion. She waa discharged on June 10th
for travel to Cleveland.

.
.’.

.
.

w nfm
. ..

I
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~ : At the Cleveland Metropolitan General

Brown Dobyne.
Hosp~~~l, surgery was performedbyDr.

One day, pr~or to surgery 25P Ci 1 warn given orally in order to
do autoredlographic etudiea of removed thyroid tieeuea. Surgical ex#bration revealed
a si.nglamace in the mid-right lobe which wae remved along with a part of the right

lobe. The pathological diagnosis was thyroid adenome with clegeneration. Tha tumr
waa “cool” based on radiation counting. The patient withstoodtha surgerywell and
convalescence was uneventful. Sha was diachargad to travel back to the Marshall Islands

on June 18th. The Hospital SUBSMry and Pathological Raports from tha Claveland Hospital
are incorporated in these racords.

..

~%’” Degenerative cystic th~~adenoma.
. . ...

~’ In view of the fact that the patient had
adaauete thyroid function ●nd so littla of

tha thyroid was removed ●t surgary, no supplanmntary thyroxin treatment was prescribed.
The patient wae advtaed to have the leaone of her cervix checkad at intervale. We will
carry out ragular followup exeminatious on this caae.

Robart A. Conard, M.D.

. .
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DISCHARGE SUMMARY
I

]

A

ADMYTTED: June 2, 1973 DISCHARGED: June 10, 1973

Thfe 54-year-old Marshallese woman, who
had a slight exposure to fallout radiation

in the Marshall Islands in 195~,was admitted here for studies of thyroid modularity
and evaluation of physical status for thyroid surgery.

MBDICALHISTORY: In 1966, a smell 0.5 cm nodule was found
in the right lobe of the thyroid. Subse-

quent examination showed an increase in the number of nodulee of the gland,and in
March of thfs year three distinct nodules were palpated, two in the left lobe ●nd
1 near the isthmus, the largest being about 2 cm in the lower part of the left lobe.
The nodules were slightly tender to palpation. No lymphadenopathy was noted. She
noticed the “iumps” on swallowing. She appeared euthyroid though her T-4 level in
March was slightly low (3.7 PII%).

She was exposed to 14 rads of ganema
radiation and about 22 rade to har thyroid

gland in 1954 from fallout exposure. No effects from this exposure have been dis-
cernible. Examinations over the 19 years,since the exposure have revealed the
following: occasional cough, frequent worms in stools, joint pains with erchritic
changae, tonafllar hypertrophy, multiple lipomata.

FAMD..YAND SOC2ALXISTORY: Non-contributory.

PHYSICAL EXAMINATIOti: Poeitive findings on physical examlnationa
included: slight obesity, multiple

Lipometa (asymptometic), reduced hearing left ear and BP generally normal, but
slightly elevated at times; alight cardlomagaly with no evidence of dacompeneation.
Her thyroid findings have not changed sinca those outlined above for the March ●x-
aminetion. She appeare euthyroid.

.

LABORATORY AND X-RAY DA.TA: Thyroid scan ahowa ● large non-functtonfng
nodule in the lower left Iobe. Radioactive

iodine uptake and reaponee to 25E ●timulatfon were adequate. T-4 lavel ie not
available yet. liereeme was non-reactiva for antithyroid globulin antibodies..
Chest x-ray aho-d cardiomagaly but the lunge were clear. Em showed incomplete
bundle brench block which waa not considered significant. The hemogram showed
slight lymphocytosis (46%) and ●osinophilia (14%) ●nd inctcased E8R to 28;. She wee
found to be diabetic with YB8 of 262 mg% and spillage of sugar 1ssthe urine. Her “
kidney functton wae somewhat reduced with BUN of 2? mg%. urine ●lbsfn 50 OIS%S
creatinine cleerance 40.5%, urea clearanca 30 mg%. The AG ratio waa 1.13 (not
unusual in th~ 14arehallese),cholesterol 264 mg%, triglycerides 148 mg%, electrolytes
and liver teet generally normal. The syphilie serologywaa reactive (titer of 2)
but wae not considered efgniffcant in view of paat hietory of yawa in ● o many of
these people. Her stools were positive for trichuris trichure.

HOSPITAL COURSE: She remained generally aaynptomatic during
her 8-day hoepital stay hare except for a

slight cough and non-specific muecle pains at times. With the ffnding of diabetea,

she waa placed on a 1400 calorie (ADA) diet. Since @he continued to spill come sugar

W 720A
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fn tha urina, sha waa placad on 15 units NM Insulin daily which controlled her
diabatas. With tha diabataa controlled, the slightly impairad kidnay function was
not considered aarioua enough to Precludeeuwery and sha waa discharged Juna 10th
for transfer to Clavaland.

‘!

At Cleveland Metropolitan Ganeral Hospital, :
thyroid surgary w a parformad by Dr.

Brown Dobyna. 3Tha day bafora surgary sha waa givan 25 Xi 1 11 in order to do
autoradiographic atudiaa on tha removed thyroid tissues. At aurgary, a left ‘i

i
lobectomy was parfonnad removing saveral cystic nodules from that lobs. A diagnoaia
of Hurthla call adenomata on frozan aaction prompted tha complate ramoval of that .“!

lobs. A furthar adanoma was removed from the iathmua and savaral tiny nodulas ware
removad from tha right Lobs. Tha patient withstood aurgary wall and her convalascanca ~
wes uneventful. Sha was continued on insulin and diatary treatment. ‘~

FINAL DUGNOSIS :

DISCUAR@ MSDIW2KE?:

right, aomawhat daprassad metabolism might

,..
Mixad follicular call and Hurthle call

i
●danomata of the thyroid.

Borderline hyperta~ionwith slightly i

zz~

1

Under normal circumetancea with ● laft I
thyroid lobactomy and subtotal on the ;
ba axpacted and 0.1 to 0.2 MS of L- ,

th~oxin would be g~van daily. Eowavar, ainca this lady la older, has d~abatas and .!

a tendancy to hypertaneion, it was daemsd adviaabla to obaarve har for a faw months “1

bafora making tha final dacisionon traatmant.
;

Sha was ●dvisad to attend tha diabatic .,
clinic at tha Majuro hospital and maintain har diat. Tha practitioner accompanying
the patienta waa adviaad to continue tha insulin tharapy. If the patiant later waa

movad back to har iaolatad home at Utirik Island, tha treatmant would hava to be /1 A

. ..:.. .:-:. . . ,,.’ “., “’”’’-’-~’’-”~”.”.. .,,----~., ,;,.,:, ‘,

S.. : ;:,
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.

ADMTTIZD: June 2, 1973 DISCHARGED: June 10, 1973

F6%DICALlUSTORY: Thie 71-year-old Marsha llese woman was
found to have a smell thyroid nodule

at the the of the regular annual examination of the Marshallese exposed to radio-
active fallout this past March. The nodule was pea-sized, freely movable, and in
the midportion of the right lobe. There was no lymphadenopathy noted. She wae
brought to the U.S. and admitted to this Koapital for thyroid studiee and evaluation
for thyroid surgery. Her previous thyroid history had been negative and ehe had
always ●ppeared euthyroid with low-to-normal thyroxin levels. Becauae of her
radiation exposure, surgical exploration wae deemed advisable.

She was exposed on Utirik Island in 1954
to about 14 rads of gamma radiation from

fallout with a thyroid dose of about 22 rads (partly from radioiodi.neabsorption).
She showed no effects of the slight exposure, and the principal medical findings
over the 19-year period since exposure have concerned the development of essential
hypertension with possibly slight kidney involvement. Complaints have largely
centered around arthritLc pains and stiffness of the knees and legs and the develop-
ment of poor vision.

FAklUY AND S~IAL HISTORY: Irrelevant.

PHYSICAL EXAMINATION\ Thie slender, elderly, alert lady appeared
healthy, euthyroid, and well-preserved for

her age. “The thyroid findinge were as deecribed above and durin8 the March exam-
ination. Other findings included ●n early cataract formation of the left eye and
the presence of hypertension (BP 200/96), and a moderately la@ syetolic ❑urmur.
The heart was not thought to be enlarged and there was no evidence of cardiac de-
compenaatfon. Pain ●nd stiffness on moving the knees and legs may have been
●ssociated with ●rthritic changes.

~!-.:,.:.
‘...-

LABouATm AND X-8AY DATA: Tbe thyroid ●can showed ● “cold” nodule
,;....... at the lateral border of the right lobe.

Radioactfvo iodine uptala was low-nonnel, and TSIiadministration showed reduced
thyroid reserve. Ear secumwaa non-reactive to ●ntithyroid globulin antibodies.
Chest x-ray showad cardiomagaly ●nd ●ortic ecleroeis; ●light increase in density
near the cardiac apu “probably due to old inflanzaatorydisease”, and a slisht
deviation of the trachas. X-ray of the knees was negative. EKG was within normal
limits. .Thc hemogramwaa nnmal except for 8% eosinophils and anESR of 38.
Aldosterone-level was normal. So- kidney dysfunction was evidenced by BUN of 27,
urine ●lbumin 50 mg% with 8-12 SBC/HPP, urea clearance 55% and creatinine clearance
39%. Other clinical chemistry tests were generally negative, including teats for
liver function, electrolytes. lipids, and eerum protaine. Stools were Dosftive
for ascaris lu&bricoidea-and-tri&hurls trichura.- Syphilia serology was”slightly
positive (titer of 2) but this low level is not considered significant, particularly
in view of poesible yawa in the past which was prevalent in these people.

..... “’

..”
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H08PITAL COURSE: Her 8-day stay at this Hospital waa un-

eventful and she remained generelly
asymptnmatic except for a few non-specific muscle pains. Her cardiovascular/renal
disease was not considered sufficiently advanced to preclude eurgery and she was
discharged June 10th,1973, and taken to Cleveland. Just prior to discharge, she
was given 25 pOi of 1311 to ensure complete removal of the thyroid at surgery
and for study of activity of thyroid tissues removed.

At the Cleveland Metropolitan General
Hospital, Dr. Brown Dobyna perfo~d

thyroid eurgery on June llth. A 1.5 cm nodule was removed from the right lobe
and a right lobectomy was perfomd. The pathological diagnoais was “thyroLd
adenomata’’.Shewithstood surgery wall, with no complications. Post-operative
convalescence wae uneventful and she was discharged June 18th for return to the
Marshall Islands. Tha hospital s~ry and pathological reporta from the
Cleveland Eospital are inserted Lo her BNL record.

FINAL DIAGNCSIS: Thyroid ●denomata.

Hypertension.

Reduced kidney function, secondary to
hypertension.

DXSCHARGE MEDICATI~: In view of her low thyroid reserve and
.. .

thyroxin treatment waa considered but,
right lobectomy performed, supplementary

in view of her hypertension and age, it
waa considered better to observo her and aee if supplemental therapy wee nacaaaary.
She will, therefore, be obeemed at regular intervals on her return home to check
on her thyroid status.

RAC/bwa
Diet: 6/27/73
Typad:6/28/73

. . .. . .. . . *f?M&. eLdL ‘.-,.
Robert A. Conard, M.D.
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DISCHARGE SUMMARY I
“ ADMITTED: 6/2173 . DISCHARGED: 6/10/73

During the March medical eurvey in the
Marshall Islands, this 36 year-old

Marshallesa woman who is part of the comparison population unexposed to fallout was
found to have a thyroid nodule and wae brought to the United States and admitted to
this hospital for thyroid atudiee and evaluation of physical statua for possiblt thyroid
surgery.

.... **”*A
During the March examination a nodule,
a discrete spherical mass was ~etected

which was wderately firm, movable and slightly tender to palpation. No lymphadeno-
pathy was noted. She appeared euthyroid and previous examination showed no evidence
of thyroid ●bnormalities.

. Along with the population exposed to,’....’... .:*., . ..-. fallout she hae bean examined aa part of
the comparison population for the past 16 years. She is the mother of 11 children
and has been healthy. -With only a few findings of any significance - slight anemia
at one time, one miscarriage, ce~ical eroaioo and occasional fungus infections of
the ekin.. Her FAMILY and SOCIAL HISTORY are non-contributory.

-...

~: This ●lander, well aouriahed Marshallese
lady appeared alert and euthyroid. The

thyroid findings were the same as those reported above during the March axaminatione
The ramaindar of the phyeical examination wae essentially negative except for slight
abdominal tandernes$ and discomfort which she experiences prior to menstntation.

,..’:. ..-.,
...’

: Thyroid scans showed ● 2 cm, poorly
.,..,, functioning nodula in the lower left loh

of”th~g~-d, Radioactive iodine uptake was normal and responee to TSH stinwlation
was good.” : Serum waanonreactive for antithyroid globulin antibodies. Tests X-Ray
and= war. normal.” .The hamogram showed slight lymphocytosis and an elevation of
the ESR to 3S (which is not umusual.in the Marshallese.) In view of her previous
anamim it was interesting that her b and TXBC were within normal limtts. Tests for
liver ●nd kidney function.electrolytes and lipids were normal. Serum proteine were
eomavhathigh (9G) but”the,electrophretic pattern wae not unusual for the Marshallese
(high ge.globulim- hv~h). The stools were nesative for ova and paraaitea.

-’?,-+<?.’.-: ,6L&@ji~’:.::~ .. ..-. ,.-.. .. ..,:
,...,+......’, . . ..-.,....*.’,
‘T...-:, Duriog?k earIy part of her 8-day etay,

.-~,:+::f:. ,~s**.s; ,“’~ here, she had premenstrual abdominal
diecomfti”ahd anoraxia>’$lith onset ofmanatruation these symptoms disappeared and
she remained’ ● symptomatk for the rest of her hoepital stay here. Just prior to

;’discharge-onJune 10th,.for travel to Cleveland for surgery she waa given 25AI Cl 1311
“orally im’ordar to carry out autoradiographic procedures on thyroid tissuaa to be
removed ●t aurgary. ‘:’

- ...,:%->?_ , .-’-.-,-----
,/ +..<- . .. . .

.?..%..-i*,, ., ..,.., ;.z.
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DISCHARGS SUMMARY
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~: Thyroid surgery was carried out June llth
at the Cleveland Metropolitan General

Hospital by Dr. Brown Dobyns. A discreto 2 cm diameter mean was found in the left lobe
and removed alons with subtotal lobectomy. The remainder of the thyroid appeared to
be normal and no lymph nodee were noted. A pathological diagnoeia was PAPILLARY CYSTIC
adenoma and 2 smallthyroid adenomkifiwerealeo found. She withstood the operation well
and har convalescence was uneventful. Sha was discharged June 18th and returned to
the Marshall Ielanda. Copias of the ?loepital Sunmeryand Pathological Reports from
the Cleveland Hoepital are included in our records.

..,.
Papillary cystic adenoma and thyroid
adenomata.

Since thyroid function wae good in thfa
patiant and eo little thyroid tissue

removed at eurgery oo”supplementa; thyroxin or other treatment wae prescribed. She will
be followed in subsequent examinations in the Marehall Island.

.- :. - J2?2? [.*L
Robert A. Conard, M.D...

Received: June 29; 1973
Typed:.. Ju1Y2, 1973
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ADMITTED: 27 ti)? 1974 DI.KK4ROED: 3 June 1974

‘l%Is20-year-old Mar.shalleseboy was
admitted for thyroid studies and

consideration for poesible surgery in Cleveland.

MSDICALHISTORY: In September1973,a mall nodulewae
noted in the left lobe of the thyroid.

Wring the recent Harch 1974 survey, an additional slight enlargement of the
right lobe wae palpated. He has alwaye appeared euthyroid and the T4 levele
have been within normal limfts. ‘lhisboy wae one of 4 Rongelap children
exposed in utero. He was exposed near the end of the second trimester to 175.—
rada whole body ganrnradiation from accidental fallout, and the thyroid also
received an indeterminate dose from radioiodinee which had been absorbed by
the mother. When first seen, 3 months after birth, the only possible indication
of radiation exposure was a transitory depression of hia blood platelets. He
haa been exmuined regularly by our medical team and no serious findings have

been noted. He has had the usual childhood infections, and on one occasion
he had a brief hospitalization for acute uRI. Hie grmth and development have
been normal.

PRYSICAL EXAMON ADhUSSION: Ibis Marshalleee boy is well-developed
and well-nourished. He appears

euthyroid. Fhysical exam is generally negative except for the thyroid findings.
A emall, 2 urn,freely moveable nodule wae noted in tho left lobe and a bumpy
irregularity in the upper right lobe. No tenderness of the gland or lymph-

adenopathy was noted.

LABOEMTORY & X-RAY DATA: lhyroid scans shcwed a discrete area

123
of decreased radioactivity in the

middle portion of the left lobe. 1 uptake was 24.6%, T4 level waa 6.7 ~g%
in March. ‘lhehemogram and blood chemistry data were within normal limits.

HOSPITAL CWRSE: The hospital course wae uneventful.
lle ate and elept well and was com-

pletely asymptomatic. The patfent was given 20 pCi 13L1 juet before discharge
to Cleveland for autoradiographic analysia of excised Ieaions.

At the Cleveland Metropolitan General
Hospital on 4 June 1976, thyroid

surgery waa performed by B. M. Oobyna, M.D. There waa a 3-4 mm rmsa in the
left lobe near the iechmue,.a 1 cm soft mess in the superior pole and the
right lobe contained a 1 cm soft mesa. These were removed and the histological
diagnosea wera benign adenoma.s, one of which was trabecular in pattern. His
recovery from surgery was uneventful with no complications. By 9 June the
wound was healing nicely and the patient was discharged for travel back to the

Marshall Islands. A summary of his hospitalization including surgical and

-1-
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DISCHARGE SUMMARY
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(NW
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CIRC 63

pathological reports from the Cleveland Hospital are being incorporated into
the chart of this hoepital.

DISCRARGE MEDICATION & INSTRUCTIONS: Ihe patient wae resumed

medication (Synthroid”)
Dr. Knudsen, the resident physician in the Marshall Islands, will
careful follmwp examinations on this patient.

DISCHARGE DIMWOSIS: Benign thyroid adenoma,
removed.

Cfh
Received: 6/25/74
Typed: 6/27/74

1a<:a.du= //7,#

on thyroxin
2.1 mg/weekly.
carry out

@?& 4?LJ—
Robert A. Conard, M.D.

surgically
i

J

Paga 2 of 2
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.

AQEm!x!: 27 tiy 1974 DISCHARGED: 3 June 1974

This 41-year-old Marshalleee wcman was
admitted to thie hospital for thyroid

studies duo to modularity in the gland, and evaluation for possible ttiyroid
surgery.

MEDICALIUSYORY: ln March 1974, during routine physical
examination, the patient was found

to havo ● firm QOCIU1Oin’ the lower left pole of the thyroid gland and possibly
anothar tiny nodule In the upper right lobe. ‘lhenodules were non-tender ●nd
no Iymphadanopathy was notad. She appeared to be euthyroid. The petf.ent is One

of the unexposed people in the Rongelap compariosn population. Since eMma
bagan in 1957 on this group, her health has been generally good, but with an
increasing tendency to obasity and a recent development of hypertension. Her
weigh~ increased from 145 lb in 1957 to 170 lb ● t present. lhe past few years
sha haa had frequent headaches, and the BP has becomm elevated to around

170-180/100-115. She has had about annual pregnancies, ramlting in 9 healthy
childran, 2 miscarriages, and 1 child dying at the age of 1 year. Except for
occasional joint paina and presence of worms in her etools, her history is
otha-ise negative generally. She has had no aymptoma referabla to kidney
disuse.

PHYSICAL EX4MNATION: Ihe patient fe somewhat obeee and is
20-22 weeka pregnant. me appears

euthyroid and generally in good health. E=m of the thyroid reveals a 1 cm

nodule in the lower left lobe with a companion nodule also in the ❑id right
lobs. The nodules were non-tander and no lymphadeno~hy was noted. Har BP
was 1S0-180/105-115. Yheheart and lungs appeared normsl, ae well aa the
peripheral vascular syatam. Wnduacoptc axamwae generally negative except for
elight increase in light reflex. The physical examwaa otherwise negative
except for the presenco of a cystocele ●nd rectocele.

!..,,“ - v... ..-.

IABORATORY6 X-WY M~:” No scans or thyroid uptake studies
.T,,..:.- . ....<.4... were performed becauae of her

pregnancy. X ray 01 the cheet showed the heart to be top-normal “in eize, but
otherwise negative..~EKC was normal. (Xoleaterol wae 336 mg%, and triglycerides
ware 182mg%. Craatinine clearance was slightly low. Aldostarone was 50 mg/
24 hr. :VUAwaa nornmI~, ‘he urine showed 20 mg albumin, but was othentise
negattve. Stool ●xaminations revealed the presence of whip worms and
trichirua trichurae ~, ,-
— — ~.T$.lw>. ,.

., .,..
., .,..

,,--...M;..:.;. .. ‘:.
HOSPITAL CCXTRSE: Wring her hospitalization, the

..- patiant remained asymptonwtic, and ate.
and elept well. we was completely ambulatory. Her BP varied from 130/90

to 160/110. From the lab findings a diagnosie of mild eseantial hypertension

-1-
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DISCHARGE SUMMARY
I CIRC63

seems appropriate and shculd not preclude surgery.

At the Cleveland Metropolitan General
Hospital on 4 June 1974, thyroid

eurgery was performed by B. K Dobyne, M.D. The gland was found to be 2-3 times
normal size, eoft and very vascular (presumably related to pregnancy). ‘lhere
were 2 adenonne, one in the right lobe and one in the left; one filled with
colloid and the other with necrotic liquid. ‘l’hepathological diagnoses were
thyroid adenoams, one with cystic degeneration and the other “a regenerating-
degeneratlng microadenoma’.’Recovery from surgery was uneventful and the wound
healed nicely. Zhere were no complications related either to hypertension or
pregnancy. ‘Ilm patient was discharged for travel to the Marshall Islands on
9 June 1974. ‘Ihahospital eunsaaryand a surgical and pathological report
are being includad in the chart of this hospital.

DISXG8 MEDIti’lZON: Dr. Knudsen, tha resident physician
in tha Marehall Islands, wae

advised that tha obstetrician on thla casa suggasted that if hypertension
persists after pregnancy terminat@o , soum form of medical mmtagement should
be instituted. It waa not considered necessary to etart thie patient on
supplementary hormon● tharapy.

DIS(3iA.RGEDIA~OSES: 1. Benign thyroid adenomas, surgically
removed.

. ...,,
::J

.“,:
,..” .-1..

.; ..,.. .4
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ADMI’lTED: 27 ~y 197& DISCHARGED: 3 June 1974

This 45-year-old Marshallese female
was admitted for evaluation of her

thyroid status in anticipation of possible surgery.

MEDICAL HISTORY: In September 1973, a smell nodule ““’
0.5 cm in diameter was noted in the

region of the lower left lobe of the thyroid, By March 1974, the nodule
appeared to have grown slightly in size. She hed always appeared euthyroid and
her 1?%levels were h the normal range. Ihe patient waa accidentally exposed
to fallout radiation in 1954 at age 24. She received an estimated 69 rads of
whole body ga~ radiation which caused mild depression of her blood elements
during the first few weeks after exposure. Fallout contamination of the skin
caused mild, transitory, beta burns of the skin during the first few weeks also.
She also absorbed internally some radfonuclidee, the meet serious of which were
radioiodines. She remained generally healthy until about 1970, except that she
wae scmswhat underweight and had an early menopause (age 42), after having had
one miscarriage and one child. Since 1971 she has complained of frequant boute
of coughing, dyspnea, night sweating at times, and cheet pain. She haa had
white-to-yellowish sputum, but denies hemoptysis. She claims to become dyspneic
on exertion, and,during the bouts of coughing sleeps propped up on pillows.

LABORATORY & X-RAY DATA: ‘llnyroidscan using
123

I showe a focal
area of decreased radioactivity in

the middle and Imier 1/3 of the left lobe of the thyroid laterally. Her RAI
uptake was 15.8%. Chest x ray ahowed increased lung wrkinga, posetble due to
chronic bronchial diseaae. Numertus exams for AP’Bof the sputum were negative,
both on smearand by culture. No other consistent pathogenic organisms were
found in the sputwm. The EKG showed some T-save abnonnalitiee, which were not
necessarily considered significant. Her hevgram was negative except for.
increaaed eoainophils which nay have been related to the finding of whip-worm ●nd
trichuris trichura in her stools. She had slightly increased blood proteins,
particularly globuline, which ia not an unusual finding in the Marshallase
paopla. Se had a positive ayphilie serology, reactive, titer II. (In the

14arshallese, infection with yaws , which wae endemic years ago, not infrequently
results in poaitlve serology.)

,. ..,

HOSPITAL COURSE: ~ring the first few days of hospital-
ization, the patient remained in bed

a good deal of the time. She coughed frequently and had slight increase in
respiration, bringing up a whitish-yallmish sputum. She became dyspneic on
exertion. She had a lw-grada fever in the evenings. Her appetite was poor.
In view of possible TB infection, isolation procedures ware instituted, thou~
subsequent tests and sputum findings did not substanti/atieuch a diagnosis.
Considering the possibility of bronchial infection, she was given tetracycline
and Tedral for cough. She improved in the last few days of hospitalization

W’4L 7JOA
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and was able to get up and walk around , with an increase in appetite. She
was considered fit to travel to Cleveland on 3 June 1974.

h!hen the patient arrived at the

Cleveland Metropolitan Oeneral Hospital

she was improved. Her cheat x rays were reviewed by a chest specialist and

the EKG by a cardiologist. Iheir opinions were that the ? hilar shadowa were

not suggestive of tuberculosis but of bronchitis, and the T-wave changee in
tha EKG were not considered significant. ‘Iheir conclusion were that these
conditions did not preclude surgery. Positive pressure ventilation and other
pulmonary exercfsee ware instituted and resulted in removal of large amounts
of bronchial mucus with marked improvement in the patientfe atatua prior to
surgery.

On 5 June 1974, thyroid surgery was
carried out. The gland waa found to

be smell, thin, and brownish in color and quite friable. A l-cm mesa waa
removed from the mid left lobe which waa filled with necrotic fluid and a
smeller 5 urn tongue of adenomatoua tissue removed from near the iathnma. ‘Lha
pathological diagmosea for both rmaaea were “adenomaa”.

‘Ihe patient’e postoperative con-
valescence waa uneventful with no

pulmonary problems. A,positfve serological test for syphilis was reportad.
‘Ihie waa confirmed on re-check.

DISCHARGEMEDICATION & INSTRUCTIONS: Dr. Knudsen,the residentphysician”
in the Msrahall Island.s.was notified

of the return of this patient and ●dviaed about the positive serological teat
and the desirability for continued postural drainage procedures. She was
resumed on thyroid hormone treatment (Synthroido) and given a supply to take
back to the ialanda with her. She will be given careful followup exams.

,,“ . .: j

DIS(liARGEDIAGNOSES: 1. ~ni~ thyroid adanomea, surgically “’.-” ;
removed. .:

2. ~ron~c brcdtchitia.
. .;

.-. ‘. ,. ,

, G%-cti” ‘ “-”j
Robert A. Conard, M.D. .. . .

.,.,..>.=:;:
:....-!. .

. 4
1

:. .:
Cfh ,,

Received: 6/25i74
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Appendix 11

1

>‘~
Hospital Summary of Leukemia Case

Admitted on 10-2-72 to National Cancer Institute, Hematology and Supportive Care Branch

The pattent La a 19-year-old men from the Marshall Islands, who transfers from
the hospital of the Brookhaven National Laboratory with a tentative d~agnosts of acute
leukemia.

PRESENTILLNEss:

This patient has been followed with yearly physicals and blood counts by the
Medical Research Center of the Brookhaven National Laboratory since age one, at which
time he suffered an accidental radiation exposure of 175 total body rads. He had a
transient leukopenia one month following exposure but since then has had normal blood
counts at his yearly examinations. At the time of a routine evaluation in August 1972,
his peripheral blood white count was 1,200, platelet count 119,000, and red blood cell
count 4.4mfllion. Attempt at a bone marrow aspiration at that time was unsuccessful,
and on September 29, 1972,the pattentwas flownto the BrookhavenMedical Research
Center for further evaluation. He had not complained of easy fatigability, spontaneous
or unusual bruising or bleeding, joint or muscle aches, or an increased number of infec- ~
tions . At tha the of admission on September 29, the hemoglobin was 12.5, white blood ~
cell count 700 with 26% polys, 28% lymphocytes, and the remainder abnormal monocytic
precursors. Urinalysis, liver function tests

~
, and prothrobin time were all within

normal Waite. A bone -rrow aspirate in the left posterior iliac crest was performed “ ;
and revealed a predominance of early myeloid precursors with some dissociation of cyto- I
plaamic and nuclear meturat~on and presence of Auer rods in the cytoplasm of ~eloblasts.~
On Saptember 30, the patient had an asymptomatic temperature elevation to 101 F. Phys- :
icel examination then revealed slight injection of the pharynx and a chronically scar- ,
red left tgmpanic membrane. Chest x-ray was normal. Cultures were taken, and the I
pat%ent was begun at that time on treatment with keflin and gentamicin.
on tsolat~on.. on October 1, the patient was afebrile, and arrangements
transfer him here.

.:.$,. ~,;.:-i:t,‘.-. ,...

Operatlom: Subtotal thyroidectomy.
:.”...:’ : - ...”. .:?

.::-+6<: - ..
Accidents: ‘;Nona-2-’:. - - ‘““

He was placed t
were made to I

1968 until

good health

..’, . . . . ,.,. 7:.. CLIMICA1 MCO@U

Ror&elap”(54j 09’4440 3T”. ~ ~ls-mdmvdmlrm+-
... . ... . ... . .,. ,.,, , ... ,.. .,
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SO(WU HISTORY:

l’ha patient wea born and has lived all his life in the Marshall Islands except for
one visit to Boston, where he was hospitalized for a thyroidectomy in 1967. He graduated
from high school laat year. He has working knowledge of English, although he is not
fluent.

REVIEW OF BY-:

Read: The patient gets a rare fronto-occipitalheadache, which is
Anacin. The frequency of these headaches has not changed recently. He
seizure disorder. no history of syncope. Ears - No complaints. Eyes -
The patient does not vear glasses. Nose and Mouth - Negative.

,.,., ‘...
: Rllmonazy:. No,chronfc cough, no shortness of breath.

,,!)

~cardiovascular; Negative.
.-.,-.:.. ,-- .;

‘“-Gestrolntest&l: Negative;’
...... ,..,. .,,, . .’

relieved by
has no known
Vision good.

,..
‘ ‘-an: The patient has had natltipleskin infections on the legs, often resulting

fromcuts and scratchea. In addition. he haa had bolls on the buttocks over the last
faw months and a mildly prutitic, dep&enting rash
months.: ,.,;..-... ‘...<.,.. --..,>y....

+,.’.:. ,.=--”

-::{-B&ocrlne::S&otal thyroidectomy 5 yrs prior
,..
........ adsnomaa. on synthyroid since..,,..

.:!’:; .. .

PHYSICAL EXAMINATION:
-. ...

:.(Vital SiW~~~Blood preesural10/60; pulse 90;
,.,;..- .;.4:; ..,

“$~$&eral Appear&nce: ‘l’his:isswell-developed,
.9,.+..
.:-.. ,i’+?+. .G?.,..

over the thorax for the last eix

to admission for mltiple benign

reapiratlons 16.
;.

muscular, young man in no distress. ,
!. .

‘,ti, wes, Bers, Nose and Throat: ‘l% aheadisaynmmtric. There is no bony or
scelptenderness..~,Pupilsare equal, round, and reactive to light and to accommodation. 1
The =traocular movenmnts are intact. Visual fields are intact to confrontation teat-
ing<’fhere is m-nystagnu.. l!hefundi are normal. The Weber test does not literalize. ~
The”rlght tympani<,~rane ia slightly scarred and retracted; the left tympanic ❑ em- ~
brari~;isdistorted>.dull, particularly in tha postero-inferior quadrant, with a slight ;
tan’~te at th~base. Tha pharynx is normal. There %s alight infhmuation surround- i
ing;%tiw.rightuwdibtiar third wlar, which ia partially covered by a soft tissueflap.
.:,k&.. %.fp’ --...’;,~~e:,

*
,:.’..,,-. .-:,---s....... . ..’ .,...:.i

:2%Ne&:”’”Sunlu+:;fi’ere IS &&ous distention. Two well-healed horizon~al sur- ““ j
.....

anteriorly over the neck. No palpable thyroid tissue is present. ,...&...
.,....4:+.:;’. ..:._.,,,.. .-

.-fi”~t: ‘l’hechest expands’’m’trically. “The lung field; are clear to percussion’
and auacultation~+,ma lunge basas move to percussion.

,.A_,*.=,- ?,,j.~,.,.- ,.:?-,......,.
!..

-,.(L!F-::“
.,

............ ..... :-.

,’. . ..-.=---’. CLINICAt MCOSO

Rfm@lp (54) 09-44+0 3 ‘-:::: @ .-~~titi-
. . . . ----‘-.’ ‘. . . . .“;.”>”,. ... .. . . . •1 su~..:, .>:. ~.3,+@:R -,... oc=aA=Ob

:.., , ,.::T*’.
..: .’. .,-!X:- ;.;..:, -2- 0 f~

-. :-.’> ... N..:..., !..,. ‘.,.;- ,, THE CUNti CENTER
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Cardiac: The point of nuximum intensLW of the cardiac @ulse iS in the fifth ‘
intercostal space in the midclaticular line. mrdiac rhYt~ is reSUlar. ‘l’here is a
Grade 11/VI soft systolic murmur head best at the aorttc area, radiating slightly
toward the left stermzl bonier but not toward the neck.

,
The second heart sound

splits normally.

Bones, Muscles, and Joints: The bones are
bral angle tnedemess.

Abdcman: The abdomen is soft, nontender.
span to percussion is 10 an. Liver spleen, and
are no abnormal abdominal masses or bruits.

Genitalia: No-l male.

Rectal: Examination Ls nontnl.

not tender. There is no costoverte-
-i

Bowel sounds are normal.
kidneys are not palpable,

Extremities: The extremities are notmal, with ussltLplehealed scars
legs.

Hepatic
and there

over the

‘ ~j

‘1
.*-..
!,.

...

.>,.

...

.-

..
.. .,

. ..

Skin: There is a depigmented geographic rash over the thorax and upper ex- ““’f
tremities, which is slightly scaling in places. ..‘d

Neurological: Examination is entirely within nomal limits.
“‘!.. ...

IMPRESSION:

1. Acute granulocytfc leukemia.

4

. .. ..

2. History of resection of thyroid nodule, clinically euthyroid now.
,.-.

3. Ttnea versicolor. 2,
4. Mild cutanaous furunculosis.

,. ..

5. Chronic left otitis media.
6. Partially empted rfght lower third molar with periodontitis. -

..
.:. ,.,=.-..

...,.,
PROGNOSIS:

,..,.,,.:,:~q>2..- .
.. ... j-~=;

Fifty percent chance of achievtng remission of his leukemia; median survival ‘-””
.:

about one year in other patients with a similar disaase.
. ~ “-,-

*.;. ........,*.>,, ....:,,:,
... . :..7-,:<.2......’,.... -“_J,.

.’. . ,-. .,>.......,.’,
..

...::%:.$~..:.-.,.;
.,.. -.. :.;;.::”f~..’..‘“.. ..,4. .. .: ...”.:,-d?.-.

“1
‘.. ...-.

James Mabry, H.D.fc/10-4-72
>T

JM:kr D-X 10-5-72 -.. :..

“1

>...,.-. .
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Admitted on 10-2-72 to National Cancer Institute,
Hematology and Supportive Care Branch

Expired on 11-15-72 from National Cancer Institute,
Hematology and Supportive Care Branch

HOSPITAL COURSE:

Problem No. 1 - Acute Proganulocytfc Leukemia:

on the morning of the secondhospttalday the patienthad a posterior iliac crest
bone marrow aspirate revealing decreased noranl osarrowelements and infiltration by
cells with prominent eosinophilic cytoplasmic granules and prominent nucleoli. Soau
of these cells had Auer rods in the cytoplasm. The impression was that the aarrow
showed changes of acute promyelocytic leukemia. A bone marrow biopsy showed hyper-
cellularlty and infiltration by abnormal cells. Despite extensive marrow Involvement,
however, the patient did not have severe anemia or cirmlating abnormal cells when he
first presented here. On October 12 he was discharged, feeling well, to be followed
closely in the Special Ambulatory Care Clinic. The plan was to tr=t him for bleeding
episodes, the appearance of blast cells in the peripheral blood, splenomegaly, or
deterioration of coagulation parameters.

Unfortunately, after only two days in the Outpatient Clinic, the patient’s platelat
count fell to 7,000P and he developed an earache and ahd a low-grade fever. He was
therefore readmitted and on October 15 begun on therapy with cytosine arabinoside, 100 ~.
per mater squared intravenously every 12 hours, and 6-thioguanine, 90 ~. per mater
squared orally every 12 hours. The patient’s base-line prothrobin time, partial throsdso-
plastin time, throosbintime, fibrinogen, fibrin split products, and factor VIII were
within the normal range; nevertheless, because of the association of intravascular coagula-
tion with acute progranulocyti.c leukemia, he was treated prophylactically with heparin,
0.5 mg. per kg. intravenously every 6 hours for the first five days of chaaotherapeutlc
drugs. Oa the first day of treatment the white blood count was 1,700 with 21% neutrophils,.
56% lymphocytesand 20% abnormsl precursors; platelets were 32,000 (after transfusion)
and hemoglobin 10.3. His white count remained low throughout the raminder of his hos-
ital course; abnormal forma disappeared from the peripheral blood on’the ninth day of
treatment; platelet trenafusions were administered every two or three day$ in an effort
to keep the platelet count above 20,000. Serial bone marrw examinations revealed: on
day five+ hypercellularmarrow with 80% abnoml cells; on day seven, hypercellular ‘ .
marrow with 90% progranulocytea; on day twelve, hypercellular mrrowwlth 95%progrenulo-
cytes; on day fourteen, hypercellular marrow with 82% progranulocytes; on day nineteen,
nonuocellularnarrow with 80% progranulocytes; on the day prior to death, after twen~-two
days of treatment, a hypocellular marrow with persisting foci of abnormal promyelocytes.
On the day prior to death the Patient”s h~lob~wes 8.3, white cell count, 2,100 with ;
100% lymphocytes,and platele~ count 11,000. He had received 10 units of packed red
blood cellm ati”had received platelet transfusions on 18 days of his hospital stay.
During the last two weeks of life he had very poor Lncrments in platelet count after
platelettranafusions, probably because HLA identical platelets were not available for
transfusion. . .

CLINICAL MCOQO
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Laboratory Values on Admission: BUN 13, creatinine 1.3, sugar 98, anylase 46,
cholesterol 116, electrolytes nonnsl, calciurn~=umesiw and phosphate normal, alkaline
phosphatase 50, totil protein 8.5, albumin 4.1, total bilirubin 0.1, SGPT, SG(YTand LDH ;
all nornd, uric acid 5.8. While being treated with cytosine arabinoside the SGPT and .
SGOT rose out of the no-l range and in the one week prior to deathhe had bilirubin
elevations to as high as 6 as well. There was never any evidence of disseminated intra- ~
vascular coagulation on twice weekly coagulation screening tests.

Problem No, 2 - Thyroid Status: “{
j

clinically, the patient was euthyroid. Thyroxine levelwae 3.7. Throughout his ;
hospital stay hewae continued on L-thyroxine, 0.3 mg. daily. ,- .4

Problen’No- 5 - Otitis Media:

“1

.-L”.... ..
.. .... ..

. ...-.

The’patientwas treated tith oxscillin and gentsmicin followed by ampicillk for ,
~ total of gevan days with resolution of bis left otitis= . .... ...

:.:. . .
Problem No.”6’-

.“
Periodontitfs: ‘1

..-.
....!..

-....+...
4

The dent~l consultant recommended managing his molar periodontitiswith frequent “1
...

local lavage, which was done under his supervision. The initial inflaaunationresolved ?
after several &ye, but during the Iaet three weeks of his hospitalization he had seve- ‘~
periodontaliaflamatioa, worse on the right. M addition, a right subauriculer swelling ;
appeared late in the second hospital week and perststed until the time of death. Ear, ;
mse and threat consultant thought this represented parotf.tia,but reacttve adenopathy “
from the periodontitis could not be excluded. Wring the last three weeks of hospital- .
ization he was on nearly continual antibiotic treatment with oxacillin and gentamicin ~
or keflin and gentamicin. On November 8 Proteus mirabilis and Pasteurella mlticida j
were cultured frmu the blood. These organisms had previously been +tured from the t

mouth as well, and a likely source of sepsis was his periodontitis. Ha continued to
be febrile throughout the rest of the hospital course, but subsequent blood culturee ,:
nn sterile. . ..... . ..,.

-1

:.”.:”...” . .,.:.’*.:... .....
.. --.”. ..’-..* ., ,.

.:x.. .......,,.... -’.+..-.’:.’”:”.,’. . c.....
eunsmitis:ProbkmNoe~- --Pn ,,..,,.;,:4-.,..<:,“-.. .........-..“’.-- . . .....

Z-.:.....-.’ - . ..#m’..:?,’-. ..,.. .,:..:.,.,...-.+,-
On Mv&bar ?’the patient”:<d gram-negative sepsis; on November 8 ha.’c&pl&&l ‘“ ‘.

1.of a brassy cough; on November 9 he was generallytachypneicand quite anxious, with ~
qeaotfc nail bed8..-Physical examination revealed right axillary rales and chest 3

x-ray showed-a patchy ●lveolar infiltrate in the right upper, middle and 10WSZ lobes. “’.
“1Arterial oxygen.eaturatfoawas 45 w of mercury on rwnmair and pC02 and 20 ran.of “, ,

mercury. Cultures OS the scan~bbod-tinged sputumgrewonly a few colonias of 4

“K2ebsia12e.-@ver the next twodayzhe had increasingly aeverereepiratory distras; ““:~
with gradual opecificetiou of both knithoraces on chest”x-ray. . Efs sputum became
~~bl~.:~.OnNov*er 12hewas fntubated by the nasotracheal route end placed “~j
on a volume cycled respirator. He was begun on treatment empirically with pyrimethamine~
and eulfadfaz.inefor the possibility of Pneumocystis carinii pneumonftis. Nanagecmnt

. . ........, ““”.-.. ,. -””’,..“.”... .-i
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during the last two daye wae c~licated by the patient’s agitation and
cooperate with the respirator, so that he was eventually given curare.
event at 2:40 a.m. on November 15, 1972, seemed to be an i.ntrapulmonary
followed by hypoxesniaand hypotens~on.

inability to
The terminal
hemorrhage

PINAL DIAGNOSES:

1. Acute progranulocytic leukemia
2. Resected thyroid nodule.
3. Thea versicolor.
4. Mild cutaneous furunculosis.
5. Chronic left otitis media.
6. Periodontitis with subsequent sepsis.
7. Pnaumoniti.s with terminal intrapulmonary hemorrhage

.
I

i

James Mabry, M.D./C/l2-5-72
12-11-72JM:nht K-I

Attachment:

. . ...

. . . .

Adm.iseion History

,.
,. ..- ., . ...-

.,”

..”

and physical Examination

. ... . .

,-

.
; ,. “. . !

..-: ,.. .
.! ‘.
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Appendix 12

Personnel Monitoring

A. Urine, 1970-1974

90
Sub ject Ca, Sr,

137
Cs,

Year No. vol., d rnglliter pCi/liter nCi/liter

1970 7
9
11
34
48
53
67
70
73
80

805
811
835
881
082
934
948
1050
1520
1523

1971 34
41
61
66
67
73
77

802
825
827
834
864
932
948

1520

1972 1
14
17
34
48
73

845
878
882
896

1050
1517
2228
2257
2136
2172
2193
2195

2500
2680
1100
270
920
980
455
135
525

1540
275
265
330
540
1180
920
800
620
355

1520

625
590

1260
560
260
830
700
210
470
330
320
830
1220
440
470

580
960
680
85

250
980
385
290
470
330
350
510
240
330
625
640
120
470

Rongelap

180
68
91

220
34

170
75
52
97

200
110
600
110

74
76

150
180
120
220
220

130
130

67
160
870
210

87
160
110
2w.
280
140

55
33

240

100
91
23
84
29
86

360
60

110
190
150

40
190
170
200

66
160

56

2.2
1.0
1.4
4.2
5.8
7.3
6.4
2.4
2.3
2.0
7.4
6.5
5.7
1.7
1.0
2.5
2.0
1.6
3.3
3.4

:- 3.5

3.7
2.1
2.6
2.4
8.3
2.6
3.1
9.7
6.3
2.5
3.3
2.6
1.3
0.90
3.7

~- 3.67

2.3
2.6
2.2

<1.0
1.7
3.4
2.3
2.2
1.3
6.4
1.3
1.5
2.4
1.6
0.9
0.6

~0.8
1.0

Y- 2.4

1.5
0.80
1.0
3.1
3.1
2.5
5.2
1.3
4.1
1.7
4.4
3.9
4.1
2.8
0.87
3.5
0.77
2.1
4.0
2.6

~- 2.7

5.9
1.2
0.45
2.7
4.6
2.1
2.7
3.7
2.5
2.0
2.2
2.2
1.4
0.34
2.5

z- 2..$

1.2
2.6
5.9
6.1
7.0
4.2
2.9
5.0
1.3
2.1
2.9
1.0
0.8
1.2
1.3
0.6
0.7
0.5

~- 2.6
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Appendix 12 (continued)

A. Urine, 1970-1974(continued)

Subject Ca ,
90

Sr,
137c~ 239,240PU

s
Year No. Vol., ml mgiliter pCi/liter nCi/liter pCi/liter’

1973 5
12
17
48
64
66
73
80
832
835
843

1974 5
.41
66
80
855
869
1001
1525
1050

7
73

834
87a
932

1974 2212
2164
2102
2160
2129
2102
2111
2124
2172
2137
2250

417
180
200
410
170
432
440
215

37
120
125

1160
840
800
310
260
680
620
220
460
530
440
580
540
370

37
840
700
400
840
190
200
700

1190
130
740

Rongehp

200
210

74
32

430
190
270
620
130

73
490

350
560

1010
1100

170
540
230
140

1120
760

1160
2000

295
460

~ - 706.8

8.0
7.7
8.3
2.8

12.5
2.8
3.8
5.1
4.3
4.8

10.9

z- 6.45

0.9
2.0
1.4
5.8
3.8
4.2
1.7
2.3
2.3
1.9
4.5
6.9
2.3
3.1

z- 3.1

Utirik

220 0.4
1304 2.2

910 1.0
480 0.7
640 0.6
240 0.7
705 5.1

1305 1.0
1020 0.6
440 2.4
820 0.9

z - 734.9 Y - 1.4

1.8
2.7
7.7
1.9
5.8
2.1
3.7
5.3
6.2
6.o
8.1

~= 4.56

0.7
0.7
0.7
4.0
4.9

35.0
1.8
8.9
1.8
lost
1.6
2.4
2.6
1.8

Y- 5.5

0.7
1.7
1.3
1.6
1,1
0.9
2.8
0.9
0.9
1.8
1.4

0.02
0.05
0.09
0.02
0.05
0.05
0.02
0.06
1.7
0.11
0.11

F= 0.21
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Appendix 12 (continued)

Year
Subject
No.

A. IJrine, 1970-1974 (continued)

Ca, 9osr, 137cg

Vol., ml mg/liter nCi/li;er 2MPU
pCi/liter

239PU

1910

1971

1972

1973

Pooled
Pooled
urine C
urine M
HASL* control
ML control

Pooled
Pooled
Pooled
Pooled

Pooled

Tonne
Jawel
Acme
Jone 6 Cheako
Nebal
Ruth
Pelepel-E-P
Bime Bikini,M-7
DiacianRep., family
Samwel
Aprizl
Ameta
Santo9 ‘
JOrmea

3640
3365
1100
930

3000
1000

3920
2960
3300

500

2700

260
280
250

65
150
115
350
485
300
380
460
220
410
390

Bikini

120.0
120.0

160.0

5.4.0
74.0
110.0
100.0

204.0

120.0
100.0
240.0
160.0
230.0
360.0
80.0
120.0
210.0
300.0
79.0
130.0
100.0
200.0

ii= 173.5

1.2
1.3
2.2
1.9
1.0
1.6

0.96
0.89
1.22
3.9

4.2

8.9
5.7
5.5
7.4
6.2
11.6
4.8
2.2
5.6
5.4
2.0

18.9
1.9
7.8

~- 6.7

0.100
0.130

0.012

0.217
0.194
0.211
0.110

0.910

2.1
1.1
2.6
4.1
0.9
2.1
1.2
0.6
1.5
0.5
0.4
1.3
0.4
2.0

i- 1.5

0.002 0.002
0.003 0.003
0.013 0.020
0.015 0.024
0.003 0.003
0.014 0.022

0.004
0.004
0.004

239,240ti

1974 Andrew
Spring Edmila

Akiji
Tatus
ROja
Joji
Libwe
Bins
Jormea
Beno
f4aya0
Wanna
Tojiro
Bonn
Trmny
!lnlik
Bear
Samuel
Ruth
Aetae
Bokrok

*

275
220
350
370
350
1050
1380
1230
700
490
155
90
105
95
50
140
200
160
300
150
110

290.0
160.0
440.0
300.0
160.0
220.0
360.0
320.0
380.0
690.0
290.0

Y = 310.0

0.02
0.06
0.01
0.01
0.01
0.01
0.02
0.004 ‘
0.01
0.009

1.2 1.0
:0.1 1.0
3.0 0.6
2.5 0.5

50.4 0.4
2.4 0.8
3.2 1.7
4.6 1.2
3.8 3.2
:0.1 0.5
<0.2 1.5

F- 2.0 Y- 1.1 ~ = 0.016

*Healthand SafetyLaboratory,AEC, New York, N.Y.

- 148 -



i

Appendix 12 (continued)

B. Gama.aS?ectographicData, 1974

Subject wt., St., Potassium,
137c~

No. Age kg cm s nCi nCi/kg body wt.

963
4

915
878

16
5

11
881

1517
41

814
863

7
850
834
845
882

82
80
27

1524
?3

812
816
821
825

1050
:4

15’41
1525

843
1001

1
851
896

70
64

932
832

48
67
66

835
78
58

859

48
60
80
50
62
22
65
41
53
64
22
24
57
60
40
52
41
70
66
48
31
38

20
23
23
29
39
42
47
31
45
40
64
65
32
35
42
39
36
26
34 (8 mo preg)
50
40
59
79
81

61.8
64.1
56.8
74.5
57.7
46.4
46.4
86.8
64.1
52.3
59.5
66.4
54.1
59.1
63.6
68.6
55.5
53.6
56.4
66.4
60.9
70.5

~- 61.2

Roagelap males

154.4
162.8
157.1
167.3
156.0
152.0
152.0
166.9
154.6
159.1
161.7
165.4
155.5
160.5
156.3
161.2
161.3
151.1
147.9
156.8
164.0
173.0

153.9
125.0
104.3
122.5
113.9
121.3

95.7
157.6
150.5
109.9
158.0
185.5
123.7
130.6
159.4
157.6
133.3
101.3
105.5
153.3
129.5
182.7

135.2

Rongelap females

51.8
54.5
46.8
65.5
75.9
60.0
65.9
57.7
53.6
58.2
70.5
65.9
50.0
46.3
65.9
53.6
55.9
50.5
80.5
63.6
60.0
69.1
51. B
52.3

157.0 100.6
154.5 80.5
148.8 94.9
157.5 109.3
155.9
150.4
151.5
134.4
146.0
151.7
141.4
148.0
140.4
150.3
152.5
147.0
147.7
154.8

12.3
64.1
05.8
63.2
80.6
99.9
68.2
82.6
83.5
77.9
81.1
84.2
73.0
88.2

156.7 109.4
155.0 82.7
147.0 72.7
156.3 76.5
143.2 57.2
1L3.7 62.7

764
466
358
539
257
403
283
441
442
307
969
590
509
444
721
368
243
400
287
666
326
664

475

516
252
201
187
393
373
888
249
209
346
252
204
249
165
314
145
217
462
266
283
190
431
202
298

12.40
7.26
6.30
7.23
4.44
8.69
6.10
5.08
6.89
5.86

16.3
8.89
9.41
7.52

11.3.4
5.36
4.37
7.46
5.09

10.03
5.35
9.42

7.76

(4.37 - 16.28)

9.97
4.63
4.30
2.85
5.16
6.22

13.46
4.32
3.90
5.94
3.58
3.09
4.98
3.56
4.77
2.71
3.87
9.16
3.31
4.45
3.16
6.24
3.90
5.69

z - 5.13

(2.71 - 13.46)
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Appendix 12 (continued)

B. GammaSpectrographic Data, 1974 (continued)

Subject wt., Ht., Potassium,
137C,

No. Age kg cm g nCi nCi/kg body wt.

2125 56
2123 34
2137 38
2102 22
2167 38
2152 38
2166 57
2233 21
2185 50

69.5
61.8
76.9
60.9
92.7
84.1
54.5
61.4
59.5

Utirik malee

171.5 144.4
176.8 162.2
165.5 160.2
165.1 157.8
168.6 155.8
160.6 165.9
160.4 144.3
173.5 156.3
159.5 156.4

Ucirik famalea

2139 44
2172 32
2210 20
2160 24
2220 44
2244 63
2229 35
2164 36
2254 25
2161 48
2228 27
2193 50 (preg)
2212 53 (ctd. at

61.4
89.5
65.0
68.2
65.9
77.3
81.4
77.7
37.7
34.5
59.1
85.0

BNL) 72.7

152.0 87,3
159.0 128.9
152.7 98.1
137.5 108.5
150.4 98.1
153.5 74.9
159.1 98.9
147.8 84.5
145.0 81.1
131.2 65.8
152.7 92.4
151.5 80.2
151.2 88.7

184
305
526
230
228
222
230
222
208

~ - 262

141
147
208
132
130
74
121
128
145
103
178
133
89

2.65
4.94
6.84
3.77
2.46
2.64
4.21
3.62
3.46

ii- 4.05

(2.64- 6.84)

2.29
1.64
3.20
1.93
1.97
0.96
1.48
1.64
3.85
2.99
3.01
1.56
1.23

~ = 2.13

(0.96 - 3.85)
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Appmdix 12 (continued)

B. Genma Spectrographic Data, 1974 (continued)

Months
Subject wt., Ht., Potassium, 137C8

No. Biflni Age kg cm B nCi nCifkg body w.

Bikinimales

1
8
18

;
4
11
14
16
17
10
9
6
15
13
3
12
2

8
5

1;
9
10
11
6
12
1
2
3
4

60
60
48
48
36
24
24
2.4
2.4
24
26
24
lb

9
8
6 (fromRongelap)
b
3

60
36
36
36
24
24
24
18
12
1
4
4
4

42
49
30
30

:;
43
31
60
39
30
55
22
17
44
49
16
54

54
23
29

::
27
28
44
13
31
45
60
20

77.3
67.7
59.5
75.0
82.3
78.6
56.8
78.6
83.6
63.6
60.5
76.3
70.0
50.0
60.0
85.1
70.0
100.5

158.0
168.1
167.0
165.0
168.1
165.5
161.8
170.0
162.3
166.0
155.1
161.9
161.2
165.7
157.6
165.9
172.4
170.1

Bikini females

54.5 149.6
96.4 155.4
64.5 151.9
46.8 146.4
70.5 149.3
57.7 142.7
46.8 145.8
50.0 146.0
49.1 145.1
77.3 149.9
82.3 150.7
73.6 152.5
62.3 156.9

170.3
149.0
158.5
156.1
169.9
172.4
140.6
(197.6)
142.9
160.8
129.6
165.2
147.8
125.5
133.4
162.5
168.3
158.8

88.7
124.1
110.6
85.6
101.5
106.9
85.2
94.6
106.4
91.4
59.4
93.7
94.0

~- 95.6

168
71.8
103
124
93.3
402
55.9
222
77.5
122
80.7
50.5
94.5
77.3
155.5
290
75.5
42.9

~ - 128

30
73
108
36
116
25
92
58
77
252
18
33
29

Z-73

2.18
1.06
1.73
1.65
1.13
5.11
0.98
(2.82)
0.93
1.92
1.33
0.66
1.35
1.55
2.59
3.40
1.08
0.43

ii- 1.84

(0.43- 5.11)

0.55
0.76
1.68
0.78
1.65
0.44
1.96
1.16
1.74
3.26
0.22
0.44
0.47

z- 1,15
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Report of The
The Radiological Hazards of

Appendix 13

Ad Hoc Committee to Evaluate.—
Resettlement of The Bikini Atoll, May 1968

The Committee was convened to consider the question of whether

the Bikini Atoll is safe for human habitation with respect to the radio-

logical hazard. The detailed history of the various relocations of the

Bikini natives is

(Appendix I).

We have

described in the appended material provided by Mr. Tobin

examined the documents listed in Appendix II. In

addition, we spent one and one-half days in detailed discussions with

members of the 1967 Bikini Survey Team and other experts as shown in

Appendix III.

the following

1.

2.

On the basis of the information provided, we have reached

conclusions and recommendations:

The exposures to radiation that would result from the

repatriation of the Bikini people do not offer a

significant threat to their health and safety.

Such exposure may and should be further reduced

the following simple measures:

by

a. Restrict rehabilitation for the present to

the islands of the Bikini-Eneu complex. (See App. IV)

b. Establish a village and immediate food crops

on Eneu. No radiologicalprecautions will be

needed on Eneu because of its very low con-

tamination level. (See App. V)

c. Any village constructionon Bikini Island should

involve the covering of the site with coral rock

as is the local custom.

d. Radioactive scrap metal should be removed from

the islands adjacent to former shot sites.
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e. The population of land crabs should be sharply

90
reduced because of their high content of Sr .

f. If pandanus trees are planted on Bikini Island,

two inches of topsoil should be removed from the

planting sites. The area of removal from each

site should be equal to

crown of mature trees.

3. Determinations should be made of

the area covered by the

body burdens of Cs
137

and

s/’” at the end of the first year of residence on the Atoll

and as appropriate thereafter. Baseline surveys prior to

relocation would be desirable. Resurveys of environmental

radiation levels on the Bikini Atoll and estimates or radio-

nuclides in food should be made periodically.

4. Special efforts should be made to ensure a “balancedand

adequately nutritious diet. A dietary supplement of

90
powdered milk would materially reduce Sr uptake by

relieving the calcium deficiency usually associated with

their diet.

Respectfully submitted:

Shields Warren
John C. Bugher
Robert A. Conard
John B. Storer
Paul Tompkins
John H. Harley
Charles L. Dunham
S. Allan Lough



Appendix

Gamma Radiation Measurements
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on Bikini Island, 1974

External gamma exposure rate measurements were made by N. A. Greenhouse
and V. A. Nelson in the village area on Bikini Island during December 1974.
The measurements were made with a Reuter-Stokes environmental radiation moni-
tor, model RSS-111, which uses a pressurized ion chamber as a detector. The
response of this instrument is relatively independent of gamma-ray energy
(*5%) for incident photons from about 0.2 to 4 MeV. (The largest contribu-

137CS with a gamma energy of 0.667tor to the gamma background at Bikini is
MeV.) The results, which include cosmic-ray background (%4 UR/hr; -35 mR/yr),
are given in the table below.

Measurements made through the interior of Bikini Island along the “center
baseline” road indicated gamma exposure rates from 3 to 6 times as high as
the village averages. A detailed survey of the interior is planned for early
1975.

Gamma exposure rate Z1 m above

floor or ground, vR/hr Annual gamma exposure, mR

Location Inside Back yard Inside Back yard

House #4 7.8 13.2 68 116

House #20 8.0 7.7 70 67

House #28 9.3 15.5 81 136

House #40 9.3 15.5 81 136

Average 75 114

- 154 -




